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Abstract

Dietary intervention with a unique prebiotic nondigestible carbohydrate mixture has been shown to reduce the
development of allergic disease in infants at risk. In this study, the involvement of CD25* regulatory T-cells (Treg) in the
carbohydrate-induced effects was investigated in mice orally sensitized with whey using adoptive transfer experiments.
Donor mice were sensitized with whey and fed a diet containing short-chain galacto-, long-chain fructo- and acidic-
oligosaccharides, or a control diet starting 2 wk before sensitization. The acute allergic skin reaction upon intradermal
whey challenge was determined and whey-specific |g were measured. Splenocytes of the donor mice were transferred to
naive recipient mice after partial ex vivo depletion of CD25* Treg. The prebiotic diet clearly diminished the acute allergic
skin reaction (P < 0.001). Whey-sensitized recipient mice transferred with splenocytes from whey-sensitized, prebiotic-
fed donor mice displayed almost complete prevention of the acute allergic skin reaction compared with mice receiving
cells from sham-sensitized, prebiotic-fed donor mice (P < 0.001). Partial depletion of CD25* T-cells inhibited these effects
(P < 0.001), although IgE sensitization was not prevented. This study indicates the involvement of whey-specific CD25*

-

Treg in the suppression of the allergic effector response induced by dietary intervention with prebiotics. J. Nutr. 140:

835-841, 2010.

Introduction

The gastrointestinal tract is exposed to a wide variety of dietary
proteins. In general, these proteins are tolerized by the gastro-
intestinal immune system, resulting in local and systemic
nonresponsiveness. This orally induced tolerance may be a
result of anergy or active suppression, which is determined by
both antigen dosage (1) and age (2). In food allergic patients, the
oral tolerance to specific dietary proteins is broken or not
established (3). Currently, there is no specific therapy for the
treatment of food allergy. The only option to avoid symptoms is
to circumvent exposure to the responsible food. The most
common food allergy in childhood is cow milk allergy, which
affects ~2-3% of all infants (4). It is caused by an allergic
inflammatory response to milk proteins (5). Cow milk proteins
(0.35 g/L in milk) consist of casein and whey proteins. Whey
proteins comprise B-lactoglobulin (the main allergen), a-lactal-
bumin, albumin, lactoferrin, Ig, and proteosepeptone (6). In
Europe, most of the infant formulas are whey based and

' Author disclosures: B. Schouten, B. C. A. M. van Esch, G. A. Hofman, L. Boon,
L. M. J. Knippels, L. E. M. Willemsen, and J. Garssen, no conflicts of interest.
2 Supplemental Figures 1-3 are available with the online posting of this paper at
jn.nutrition.org.

* To whom correspondence should be addressed. E-mail: j.garssen@uu.nl.

0022-3166/08 $8.00 © 2010 American Society for Nutrition.

supplemented with prebiotics, whereas in North America, most
are not and are casein based.

In food allergy, the delicate balance between oral tolerance
and hypersensitivity is regulated by cells of the immune system.
Cells with regulatory properties include transforming growth
factor-B—producing Th3 cells, interleukin-10-producing Trl
cells, and natural killer T-cells (7-9). In addition, naturally
occurring CD4*CD25*Foxp3* regulatory T-cells (Treg)® were
described to be important for maintaining peripheral tolerance
and for suppression of proliferation of CD4* and CD8" T cells
(10,11). This subset of Treg can also be generated de novo in the
periphery (e.g. the intestinal mucosa) (12). Treg represent 5—
10% of the CD4" T lymphocyte population and express the
transcription factor forkhead box p3 (Foxp3), which is con-
firmed as a key gene for the generation and maintenance of Treg
(12). Currently, the involvement of Treg in tolerance induction
by dietary components is unknown. Human milk consists of
numerous components, including but not limited to oligosac-
charides, which may have many immunological properties and

8 Abbreviations used: CT, cholera toxin; dp, degree of polymerization; Foxp3,
forkhead box 3; IcFOS, long-chain fructooligosaccharide; pAOS, pectin-derived
acidic oligosaccharide; scGOS, short-chain galactooligosaccharide; Ty, T helper
cell; Treg, regulatory T-cell.
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might facilitate tolerance (13,14). Prebiotic fibers manufactured
to resemble some of these oligosaccharides are defined as “non-
digestible food ingredients that beneficially affect the host by
selectively stimulating the growth and/or activity of one or a
limited number of bacterial species already resident in the colon,
and thus attempt to improve host health” (15). Short-chain
galactooligosaccharides (scGOS) and long-chain fructooligosac-
charides (IcFOS) are dominating the prebiotic literature. Bene-
ficial immunological properties of these scGOS and IcFOS are
confirmed by an improved vaccination response in a murine
model (16) and lowered incidence of atopic dermatitis in
children (17). In addition, a similar prebiotic mixture reduced
the acute allergic skin response in mice orally sensitized with
whey (18). Besides scGOS and IcFOS, the pectin-derived acidic
oligosaccharides (pAOS) were identified as a potential prebiotic
fiber (19).

In this study, we used a mouse model for orally induced
sensitization to whey proteins to study the immunological
mechanisms that might underlie the induction of tolerance
against whey using prebiotics (20). The role of CD25" Treg in
the preventive capacities of dietary intervention with a prebiotic
mixture [2 g/100 g (9:1:1) scGOS, IcFOS, and pAOS] was
assessed using adoptive transfer experiments.

Materials and Methods

Chemicals. Whey proteins were obtained from DMV International.
Cholera toxin (CT) was purchased from Quadratech Diagnostics and
PBS was from Cambrex Bio Science. Biotin-labeled rat anti-mouse IgE,
IgG,, and IgG,, were from BD Biosciences. PC61 (anti-CD25), a
monoclonal antibody from a rat PC61 hybridoma cell line, was a kind
gift of Bioceros BV. All other chemicals were obtained from Sigma-
Aldrich-Chemie.

Diets. Semipurified protein-free AIN-93G-based diets containing cow
milk were composed and mixed with prebiotics by Research Diet Services
(21). The prebiotic diet contained 2 g/100 g (9:1:1) short-chain GOS
(scGOS; enzymatic elongation of lactose with galactose by B-galactosidase),
long-chain FOS (IcFOS; from chicory inulin) and pAOS (produced from
pectin). scGOS (Vivinal GOS, FrieslandCampina Domo) contained
oligosaccharides with a degree of polymerization (dp) of 3-8. IcFOS
(Raftiline HP, Orafti) contained oligosaccharides with an average dp >23.
The scGOS/ICFOS spray-dried powder consisted of ~50% scGOS and
IcFOS, 19% maltodextrin (glucidex 2, Roquette), 16% lactose, 14%
glucose, and 1% galactose (16). The pAOS powder (Siidzucker) had a
dp of 1-20 and consisted of ~75% galacturonic acid oligomers, 10%
monomers, and 15% of moisture and ash (19). All prebiotics were
exchanged for the same amount of total carbohydrates; this resulted in a
comparable overall carbohydrate composition in the diets.

Oral sensitization and challenge of mice. Three-week-old specific
pathogen-free female C3H/HeOuJ mice were purchased from Charles
River Laboratories and housed in the animal facility. Animal care and
use were performed in accordance with the guidelines of the Dutch
Committee of Animal Experiments. Dams were fed the cow milk-
containing protein-free diets for at least 2 generations. Two weeks before
the first sensitization, mice received the different diets and consumed
them throughout the study. They were orally sensitized with whey
(20 mg) 5 times at weekly intervals, using CT (10 ng) as an adjuvant. The
total gavage volume was 0.5 mL (18,20). Sham-sensitized mice received
CT alone. One week after the last sensitization, the mice were challenged
in the ear to determine the allergic skin response and after 24 h, an oral
challenge was performed using 100 mg whey in 1.0 mL PBS. After 24 h,
blood samples were collected in Minicollect Z Serum Sep vials (Greiner
bio-one) and mice were then killed by cervical dislocation. Collected
blood was centrifuged for 15 min at 16,000 X g and sera were stored at
—70°C. Details of the protocol are in Supplemental Fig 1.

836 Schouten et al.

Acute allergen-specific skin reaction. The acute allergen-specific skin
response was measured after an intradermal injection with 20 uL
homogenized whey protein (0.5 g/L in PBS) in the ear pinnae. Ear
thickness was measured in duplicate using a digital micrometer
(Mitutoyo) at t = 0 and 1 h after challenge. Ear swelling (um) was
calculated by subtracting the basal ear thickness (t = 0 h) from the
specific whey-induced ear thickness after 1 h and additionally (A ear
swelling) subtracting the mean ear swelling from the group of sham-
sensitized mice fed the corresponding diet.

Adoptive transfer experiments. To test whether splenocytes are able
to transfer prebiotic-induced tolerance, adoptive transfer experiments
were carried out. After the prebiotic-supplemented (donor) mice were
killed, the spleens were obtained and pooled per group (7 = 12). Single
cell suspensions of the 4 groups (sham, sham prebiotic, whey, and whey
prebiotic) were i.v. injected (100 uL, 1 X 10 cells/L) in naive mice. In
total, 8 recipient groups of 7 = 6/group were formed (Expt. A; Table 1).
The recipient mice were fed the control diet and sensitized (sham or
whey) as described above. The acute allergic skin reaction was measured
and whey-specific serum Ig were measured to determine allergic
sensitization.

In another set of experiments (Expt. B), single spleen cell suspensions
of whey-sensitized donor mice fed the control or prebiotic diet were
pooled (7 = 16) and one-half of the cells were treated using 50 ug rat
anti-CD25 (PC61) per spleen. Biomag goat anti-rat IgG (2 mL) (Bangs
Laboratories) was added to the treated cells and placed on a rotator for
45 min. The bead-cell suspension was placed in a magnetic separator for
5 min and this was repeated with the unbound fraction. Depletion of
CD2S5 positive cells was analyzed using flow cytometric analysis. The
splenocytes of the 4 groups were i.v. injected (100 L, 1 X 10 cells/L)
into recipient mice (n = 6/group, 8 groups in total) (Table 1, Expt. B). The
recipient mice were sham or whey sensitized as described above.
Variables measured to determine allergic sensitization were the acute
allergic skin reaction and whey-specific serum Ig.

Flow cytometry. Single cell suspensions were prepared from mouse
spleens. Cells were counted using a Coulter Z1 particle counter
(Beckman Coulter) and diluted to a concentration of 2 X 10° cells/L.
For identification of CD4*CD25"Foxp3* cells, anti-CD4-FITC (1:100)
and anti-CD25-PE (1:100) were used (BD). Foxp3 staining was
performed following the manufacturer’s protocol (eBioscience). Flow
cytometry analysis was performed using FACSCalibur (BD) and
CellQuest Pro Analysis software (BD) and isotype controls were
subtracted.

TABLE 1 Overview of the experimental designs

Sensitization Treatment of ~ Sensitization

Experiment of donors Diet splenocytes  of recipients Diet
A Sham Control — Sham Control
Control — Whey Control
Prebiotic — Sham Control
Prebiotic — Whey Control
Whey Control — Sham Control
Control — Whey Control
Prebiotic — Sham Control
Prebiotic — Whey Control
B Whey Control — Sham Control
Control Anti-CD25 Sham Control
Control — Whey Control
Control Anti-CD25 Whey Control
Prebiatic — Sham Control
Prebiotic Anti-CD25 Sham Control
Prebiotic — Whey Control
Prebiatic Anti-CD25 Whey Control
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Measurement of specific serum Ig. Concentrations of whey-specific
IgE, IgGy, and IgG,, were measured in serum using ELISA as described
before (20). In short, plates were coated with 100 uL whey (20 mg/L).
Plates were incubated with biotin-labeled rat anti-mouse IgE, IgG, and
IgG,, (1 mg/L) and with streptavidin-horseradish peroxidase. Results
were expressed as arbitrary units, calculations were based on titration
curves of pooled sera from whey and alum-i.p. immunized mice as a
positive reference serum.

Statistics. The data were analyzed using 2-way ANOVA or the Mann-
Whitney test using GraphPad Prism software (version 4.03) and SAS
statistical software. The former tested the main effects of diet and
sensitization or Treg depletion. In addition, interactions between the
donor diet and sensitization or Treg-depletion were analyzed. Bonferro-
ni’s post hoc test was used to identify the means that differed. To obtain
normal distribution, the Ig levels were log-transformed prior to statistical
analyses. Differences were considered significant at P < 0.05 (2-tailed).
Data in the text are means + SEM.

Results

Acute allergic skin reaction of donor mice. To investigate the
preventive effect of the prebiotic diet on sensitization, we measured
A ear swelling in the whey-sensitized mice (157 * 11 um).
The prebiotic diet largely prevented the acute allergic skin reaction
of the whey-sensitized mice (67 * 5.8 um; P < 0.001). The diet
did not affect ear swelling of sham-sensitized mice (data not
shown).

Whey-specific Ig levels of donors. Whey-specific serum IgE,
IgGy, and IgG,, levels were greater in whey-sensitized mice
compared with sham-sensitized mice (data not shown). Whey-
specific IgE was reduced in whey-sensitized mice fed the
prebiotic diet compared with mice fed the control diet (P <
0.05; Fig. 1). Whey-specific IgG; also was reduced by the
prebiotic diet (P < 0.05). Dietary intervention did not affect
whey-specific IgG,, levels in whey-sensitized mice fed the
control diet compared with the prebiotic diet.

Acute allergic skin reactions in recipient mice adoptively
transferred with splenocytes. In sham- as well as whey-
sensitized recipient mice transferred with splenocytes (i.v.) of
whey-sensitized donor mice fed the control diet, severe allergic
skin reactions were observed 1 h after i.d. whey injection in the
ear (Expt. B) (Fig. 2). In contrast, the transfer of donor
splenocytes of whey-sensitized mice fed the prebiotic diet
protected against development of an acute allergic skin reaction
in sham-sensitized as well as whey-sensitized recipient mice (P <
0.001) compared with recipients transferred with splenocytes
from control diet-fed donor mice. This protection was whey-
specific, because whey-sensitized recipient mice injected with
splenocytes of sham-sensitized donors receiving the prebiotic
diet still developed a severe ear swelling response.

Whey-specific Ig levels of recipients. Serum samples were
collected from the recipient mice and analyzed for whey-
specific Ig (Expt. A). Whey-specific IgE levels of recipient mice
transferred with splenocytes of sham-sensitized donor mice fed
the control diet were enhanced upon whey sensitization com-
pared with sham sensitization (P < 0.01; Fig. 3A). Similar results
were obtained when recipients were transferred with splenocytes
from sham-sensitized donor mice fed the prebiotic diet (P <
0.01). Transfer of splenocytes of whey-sensitized mice tended to
lower the capacity to develop whey-specific IgE in recipients
upon sensitization with whey in both the control (P = 0.08) and
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FIGURE 1 Serum whey-specific IgE (4), IgG; (B), and 1gG,, (O
concentrations of whey-sensitized mice fed the prebiotic or control
diet (Expt. A). Mice were orally sensitized with whey 5 times at
weekly intervals, using CT as an adjuvant. One week after the last
sensitization, serum was collected 1 h after oral challenge with whey.
Means and individual values are presented, n = 16. *Different from
control, P < 0.05.

the prebiotic group (P = 0.11). However, IgE levels did not differ
between recipients transferred with donor cells of mice fed the
control or prebiotic diet.

Similar results were found for IgG, (Fig. 3B) and IgG,, (Fig.
3C). Whey-sensitized recipient mice transferred with cells of
sham-sensitized donor mice, regardless of the donor’s diet, had
enhanced IgG; and IgG,, levels compared with sham-sensitized
recipients transferred with splenocytes of sham-sensitized do-
nors (P < 0.01). Whey sensitization did not further enhance
recipient IgG; and IgG,, levels except for whey IgG,, of
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FIGURE 2 Acute allergic skin response in mice adoptively trans-
ferred with splenocytes of whey- or sham-sensitized mice fed the
control or prebiotic diet (Expt. A). An allergic skin response was
evoked by intradermal whey challenge in the ears of sham- or whey-
sensitized recipient mice that were transferred with splenocytes of
whey-sensitized donor mice fed the control diet. Values are means +
SEM, n = 6. Pvalues from the 2-way ANOVA were: diet, P < 0.0001;
sensitization, P < 0.05; interaction, P < 0.0001. Means without a
common letter differ, P < 0.05.

recipients transferred with splenocytes of control diet-fed donor
mice (P < 0.05).

Overall, sensitization of the recipient mice transferred with
cells of donor mice fed control or prebiotic diet, as reflected by
antibody levels, did not differ.

Partial depletion of CD4*CD25*Foxp3* Treg in anti-CD25-
treated splenocytes. Splenocytes from whey-sensitized mice
fed the control or prebiotic diet were transferred with or without
prior ex vivo CD25* cell depletion using the PC61 antibody
(Expt. B). There was no difference in the number of
CD4*CD25*Foxp3* Treg in the spleen of whey-sensitized mice
fed the prebiotic diet (6.1 £ 0.3%) compared with the control
diet (6.4 = 0.3%). Ex vivo Treg-depletion resulted in a 67%
reduction of CD4*CD25Foxp3* cells in the donor splenocyte
suspension of the prebiotic diet group and a 61% reduction in
the control diet group compared with the nondepleted controls.
Hence, in both groups, a similar partial ex vivo Treg depletion
was obtained, (P < 0.01; Supplemental Fig. 2). Ex vivo anti-
CD25 treatment also resulted in some loss of
CD4*CD25*Foxp3™ effector or regulatory type T-cells (7.8 =
1.2% vs 4.2 = 0.3%; P < 0.001). There were no differences
among the mice fed the different diets.

Acute allergic skin reaction of recipients using donor cells
partially depleted for Treg. Upon whey sensitization, the ear
swelling response of recipient mice transferred complete spleen
cell suspensions or partially Treg-depleted spleen cell suspen-
sions from whey-sensitized donor mice fed the control diet was
significantly enhanced compared with the sham-sensitized
recipient mice (Expt. B) (P < 0.001; Fig. 4). Donor cells from
whey-sensitized mice fed the prebiotic diet effectively prevented
the occurrence of an acute skin response in recipients upon whey
sensitization compared with sham sensitization and the ear
swelling response was less than in recipients transferred with
cells of mice fed the control diet (P < 0.05). Partial Treg
depletion prior to transfer completely abolished the preventive
effect of adoptively transferred donor cells of mice fed the
prebiotic diet, resulting in severe ear swelling in recipient mice
upon whey sensitization (P < 0.001).

Whey-specific Ig of recipients transferred donor cells
partially depleted in Treg. Sham- or whey-sensitized recipient
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mice transferred with splenocytes of control or prebiotic diet fed
whey-sensitized donor mice had similar whey-specific IgE levels
(Expt. B). Recipient mice receiving partially Treg-depleted
spleen cells of whey-sensitized donor mice fed the control diet
had higher whey-specific IgE levels in comparison with recipient
mice receiving non-Treg-depleted spleen suspensions (12.5 * 3.6
vs. 169 = 71 arbitrary units; P < 0.05; Supplemental Fig. 3A).

Whey-specific IgG; (Supplemental Fig. 3B; P < 0.01) and
IgG,, (Supplemental Fig 3C; P < 0.01) levels were greater when
recipient mice were administered partially Treg-depleted donor
spleen suspensions compared with mice transferred with non-
depleted donor splenocytes. There were no differences between
recipient mice transferred with donor cells of mice fed the
control or prebiotic diet either in the presence or partial absence
of Treg.
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FIGURE 3 Serum whey-specific IgE (4), 19G; (B), and IgG,, (C) in
recipient mice transferred with splenocytes of sham- or whey-
sensitized donor mice fed the control or prebiotic diet (Expt. A).
Recipient mice were fed the control diet and after transfer with
splenocytes, they were sham (CT)- or whey (whey + CT)-sensitized.
One week after the last sensitization, serum was collected 1 h after
oral challenge with whey. Means and individual values are presented,
n = 5-6. Statistical analyses were performed using 2-way ANOVA on
log-transformed data. P-values from the 2-way ANOVA for all Ig were:
diet, P> 0.05; sensitization, P < 0.0001; interaction, P > 0.05. Means
without a common letter differ, P < 0.05.
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FIGURE 4 Acute allergic skin response in mice adoptively trans-
ferred with splenocytes of whey-sensitized donor mice fed the control
or prebiotic diet with or without partial ex vivo CD25* Treg-depletion
(Expt. B). Values are means + SEM, n = 6. P-values from the 2-way
ANOVA were: diet, P < 0.05; sensitization, P < 0.01; interaction, P <
0.01. Means without a common letter differ, P < 0.05.

Discussion

The prebiotic mixture of scGOS/IcFOS/pAOS used in this
murine model for cow milk allergy ameliorated the severity of
allergic symptoms, because the acute allergic skin response in
mice fed the prebiotic diet during whey sensitization was
strongly reduced. A slight reduction in T helper cell (Ty) 2 Ig
levels (whey-specific IgE and IgG) was observed, whereas Ty, 1
type IgG,, levels were unaffected and remained high. Previously,
these prebiotics were shown to improve the vaccination response
in mice, which is mainly Ty,1 driven (19). The results suggest an
improved T,1/T},2 balance upon dietary intervention with
prebiotics which could partly, but not conclusively, explain
their protective effect (19). Naturally occurring or de novo-
induced CD25* Treg are important for the acquirement of
tolerance (10-12) and the contribution of these cells to the
protective effect of the prebiotic diet was studied.

In mice orally sensitized with whey, the acute allergic skin
response determines the level of systemic response as a result of a
break in oral tolerance (20). This allergen-specific ear swelling
response has similarities with the human skin prick test. Because
the prebiotic diet reduced the severity of the acute allergic, skin
response adoptive transfer studies were performed to determine
whether this tolerance could be transferred using splenocytes.
Adoptive transfer of splenocytes from whey-sensitized donor
mice fed the control diet transferred the allergy to recipient mice
that were sham-sensitized, because they developed a whey-
specific acute skin response. Guttormsen et al. (22) also found
adoptively transferred whole spleen single cells to transfer
immunologic memory for a vaccine. In contrast to the whey-
sensitized recipient mice transferred with splenocytes of
whey-sensitized mice fed the control diet, the splenocytes of
prebiotic-fed, whey-sensitized mice protected against the devel-
opment of allergic symptoms. The whey-specific acute allergic
skin reaction was prevented; hence, tolerance for whey induced
in the donor mice by the prebiotic diet could be transferred to the
recipient mice.

Two phases of oral tolerance can be distinguished: clonal
deletion and active suppression of the immune response by Treg
cells (23). The prebiotic diet did not enhance the number of Treg
cells in Peyer’s patches, mesenteric lymph nodes, or spleen in
mice fed the prebiotic diet (data not shown), although the
prebiotic diet may have enhanced the number of whey-specific
Treg within the Treg population. Indeed, in vivo anti-CD2§
depletion revealed that Treg cells play an important role in the
oral sensitization with whey in mice (B. van Esch, B. Schouten,

B. Blokhuis, G. Hofman, L. Boon, J. Garssen, L. Knippels, L.
Willemsen, and F. Redegeld, unpublished data) (7). Further-
more, Gri et al. (24) showed that Treg cells are able to inhibit
mast cell degranulation or alter mast cell phenotype via the
production of interleukin-10 or cell-cell contact, which may
relate to the reduced acute allergic skin reaction observed in the
present study in mice fed the prebiotic diet.

The involvement of Treg in the induction of tolerance by
prebiotics was studied using adoptive transfer of splenocytes of
whey-sensitized mice fed the prebiotic diet that were ex vivo
depleted for CD25" Treg cells using an anti-CD25 antibody
(PC61). Indeed, partial Treg depletion prior to transfer of these
donor cells abrogated the transfer of tolerance, which
protected the recipient mice from developing a severe allergic
skin reaction after whey sensitization. It has been shown that
the anti-CD25 mAb depletes the CD25™8" cells in vivo, which
are CD4" (25). The in vivo Treg depletion is partial and
selective for CD4*CD25*Foxp3™ cells (7,26,27). As in these
studies, in our study, the ex vivo depletion resulted in a partial
reduction in CD4*CD25*Foxp3* cells of >60%. In the other
studies, it was shown that complete depletion is not necessary
to be effective and can be used to investigate Treg function (28—
31). CD4"CD25*Foxp3* Treg are generally immune suppres-
sive and important for tolerance induction and hence are most
likely involved in the transfer of tolerance generated by the
prebiotic diet (10-12). However, the ex vivo CD25+ depletion
also partially reduced the percentage of CD4*CD25*Foxp3~
cells, which may include effector T-cells and Tr1 and Th3 Treg.
Furthermore, we cannot rule out a possible contribution for
CD8"CD25*Foxp3* suppressor T-cells, which have been
shown to have regulatory functions as well (32,33). The
transfer of tolerance observed in the recipient mice was whey
specific, because transfer of cells of nonsensitized donor mice
fed the prebiotic diet did not protect recipient mice. This
suggests involvement of an antigen-specific CD25" Treg cell
population and there is growing evidence of a subset of Treg
cells that have antigen-specific suppression characteristics
(34,35).

To determine allergic sensitization, plasma levels of allergen-
specific IgE are typically measured. However, we and others
found that this variable is not conclusive for the generation of
allergic symptoms (36,37). In contrast to the acute allergic skin
reaction in whey-sensitized recipient mice, Ig levels did not differ
after adoptive transfer with cells of control or prebiotic diet-fed
mice. In a mouse ovalbumin model, transfer of Treg cells
reduced the allergic response and numbers of eosinophils in the
lung and airway remodeling was prevented. However, also in
this study, IgE levels were unaffected and remained high (38).
Given the long half-life of the measured antibodies, the actual
experimental period might have been too short to identify
differences. Alternatively, the antigen-specific CD25* Treg cells,
generated under support of the prebiotic diet, may have directly
affected the mast cells. Treg cells have been shown to reduce Ig
receptor expression levels on mast cells (10,39). Furthermore,
Treg may have interfered with Ig production or the generation of
plasma cells. Although whey-specific Ig are still present, the
functionality of the Ig may be altered. For example, IgG-
blocking antibodies or antibodies with high affinity to bind the
inhibitory FcyRIIB receptor may have been generated, resulting
in the suppression of mast cell degranulation (40,41). Hence,
both in the donor as well as the recipient mice, antigen-specific
Treg may have altered the functionality of mast cells or the Ig
produced by plasma cells. Although the acute allergic skin
response reflects clinical symptoms that occur upon degranula-
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tion of allergic effector cells, we conclude that the reduced skin
response cannot be explained by differences in antibody titers
between recipients transferred with cells of prebiotic diet- or
control diet-fed mice. Similar findings were obtained in a dietary
intervention study using pre-, pro-, and synbiotics in mice orally
sensitized with whey (18).

In this study, we showed that whey sensitization is transfer-
able using adoptive transfer of splenocytes. In addition, the
protective effect of a prebiotic mixture on allergic symptoms
could be transferred as well. The prebiotic diet caused only a
minor reduction in whey-specific Ig and the reduced acute
allergic skin response of the recipient mice transferred with
donor cells of mice fed the prebiotic diet could not be explained
by a reduction in Ig levels. Partial ex vivo CD25" Treg cell
depletion abrogated the protective effects of the adoptive
transfer with donor cells of whey-sensitized mice fed the
prebiotic diet. The results suggest, at least in part, the involve-
ment of whey-specific Treg cells in the transfer of tolerance.
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Supplemental Figure 1. Schematic diagram of the experimental set-up of the adoptive

transfer experiment.
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Supplemental Figure 3. Serum whey-specific IgE (A), 1gG; (B) and 1gGy, (C)
concentrations in recipient mice transferred with splenocytes of whey sensitized donor
mice fed the control or prebiotic diet with or without ex vivo CD25" Treg-depletion (Expt.
B). Recipient mice were fed the control diet and after transfer, they were sham- or whey-
sensitized. One week after the last sensitization, serum was collected and 1h after oral
challenge with whey. Means and individual values are presented, n=6. Statistical
analyses were performed using 2-way ANOVA on log-transformed data. P values from
the 2-way ANOVA for all immunoglobulins were: diet, P>0.05; sensitization, P<0.0001;
interaction, P>0.05. Means without a common letter differ, P<0.05.
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