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1.
GUT MICROBIOTA FROM INFANTS WITH COW’S MILK ALLERGY 
PROMOTES TH-2 IMMUNITY AND ALLERGIC RESPONSE IN  
A MURINE MODEL OF SENSITISATION AND CHALLENGE.  

Background
Cow’s milk allergy (CMA) is a significant health burden 
affecting up to 5% of infants. Emerging data raises the 
hypothesis that an altered gut microbiota in infants 
with CMA contributes to disease onset, persistence and 
extra-intestinal manifestations [1]. Herein, we report the 
effects of faecal microbiota transfer (FMT) of healthy 
control (HC) and CMA infants in a murine model. 

Methods
Infants (6 HC, 5 CMA; 5-16 months of age) were recruited 
from the community and Great Ormond Street Hospital 
(London, UK) respectively (Research Ethics Committee 
ref: 14/LO/0364). Initial stool characterization included 
quantification of bifidobacteria and Eubacterium rectale/ 
Clostridium coccoides group (ER/CC) by FISH. Three-
week old germ-free mice (C3H/HeN) were inoculated 
with stool from a HC and CMA infants, matched for age 
(9 months), sex (female) and birth mode (C-section). 
After 12 days, the mice were sensitised for 5 weeks with 
whole whey protein (WP) and cholera toxin (CT) (as 
adjuvant) or received CT only (non-sensitised control). 
Following an oral challenge with ß-lactoglobulin (BLG), 
allergic responses and sensitisation markers were 
measured (clinical scores, mMCP1, allergen-specific and 
total IgE, IgG1, IgG2a). 

Results
Decreased levels of bifidobacteria and increased levels 
of ER/CC characterised CMA infant faecal microbiota, as 
previously observed [1]. No significant differences were 
observed in allergen-specific sensitisation markers 
(BLG-specific IgE, IgG1 and IgG2a) in mice colonized with 
CMA or HC infant microbiota. However, mMCP1 levels 
were significantly increased in WP+CT compared to CT 

A. Mauras1, H. Wopereis2,3, I. Yeop4, J. Knol2,3, J. Garssen2,5, M. Butel1, M. Bajaj-Elliott4, L. Harthoorn2,6, A. Hartog2,5, 
A. Waligora-Dupriet1

for both CMA-FMT (p<0.05) and HC-FMT (p<0.01).  
Interestingly, mice colonized with the CMA microbiota 
had increased IgE-levels (p<0.001 and p<0.005) and 
IgG1/IgG2a ratio (p<0.05 and p<0.005) in both the 
WP+CT and CT-groups when compared with mice 
colonized with HC microbiota. Moreover, the clinical 
score was only significantly enhanced in sensitised 
(WP+CT) mice with CMA-FMT (p<0.01) as compared to 
CT, and significantly higher compared to sensitised mice 
with HC-FMT (p<0.05). 

Conclusion
CMA-associated infant gut microbiota induced systemic 
Th-2 immunity and increased IgE levels and resulted in 
an enhanced responsiveness to cow’s milk allergen in a 
murine model of sensitisation and challenge.

1)  Candy, D. C. A., et al. (2017). Pediatr Res. doi:10.1038/
pr.2017.270.

1.  EA 4065 Ecosystème intestinal, Probiotique, Antibiotique, 
Université Paris Descartes, Faculté de Pharmacie,  
Paris, France

2.  Danone Nutricia Research, Utrecht, The Netherlands 
3.  Laboratory of Microbiology, Wageningen University, 

Wageningen, The Netherlands

4.  Great Ormond Street Institute of Child Health, University 
College of London, London, UK

5.  Department of Pharmacology, Utrecht Institute for 
Pharmaceutical Sciences, Utrecht University, Utrecht,  
The Netherlands, 6Nutricia Advanced Medical Nutrition, 
Utrecht, The Netherlands



Abstracts at EAACI Congress 2018 4

1.  Department of Pharmacology, Utrecht Institute for 
Pharmaceutical Sciences, Utrecht University,  
Utrecht, The Netherlands

2.  Danone Nutricia Research, Utrecht, The Netherlands

2.
BUTYRATE AND FRUCTO-OLIGOSACCHARIDES SUPPORT 
ORAL IMMUNOTHERAPY BY SUPPRESSING BASOPHIL AND 
MAST CELL ACTIVATION AND INDUCE POSSIBLE EPIGENETIC 
CHANGES IN MAST CELL PROGENITORS 

Background
In previous work, we showed that a fructo-oligosacchari-
de (FOS) supplemented diet enhanced oral immuno-
therapy (OIT) efficacy in a mouse model for cow’s milk 
allergy, which led to reduced mast cell activation upon 
allergen challenge. Fermentation of FOS by intestinal 
bacteria leads to production of short-chain fatty acids 
(SCFA, e.g. butyrate). Increased levels of butyrate were 
found in the caecum of OIT+FOS mice. The exact contri-
bution of FOS and/or butyrate in dampening the allergic 
response is however unknown. 

Objective
Investigating the effect of combining OIT with butyrate 
or FOS supplementation on the development and 
IgE-mediated activation of mast cells and basophils. 

Methods
C3H/HeOuJ mice were sensitized to the cow’s milk 
protein whey and subjected to OIT with or without FOS 
or butyrate supplementation. Bone marrow was 
collected during and after OIT and cultured with IL-3 
and SCF into bone marrow-derived mast cells (BMMC). 
c-Kit and FcεRI expression on BMMC was analyzed using 
flow cytometry and IgE-mediated degranulation was 
determined by measuring ß-hexosaminidase. After OIT, 
whole blood samples were used to perform a Basophil 
Activation Test (BAT) and intradermal (i.d.) and intragas-
tric (i.g.) challenges were conducted to measure the 
acute allergic skin response (delta ear swelling) and 
mucosal mast cell degranulation (mMCP-1 in serum). 
After challenge, caecum content was collected to 
measure SCFA levels. 

M.M. Vonk1,2, B. Blokhuis1, F. Redegeld1, M.A.P. Diks1, J. Garssen1,2, L.M.J. Knippels1,2, B.C.A.M. van Esch1,2 

Results
BMMC developed from bone marrow of FOS exposed 
mice showed reduced expression of c-Kit and FcεRI and 
IgE-mediated activation was also reduced. Allergen-in-
duced basophil activation was reduced in OIT+butyrate 
blood samples compared to OIT samples. These findings 
were in accordance with the observed reduction in the 
acute allergic skin response and the reduction in mast 
cell degranulation in OIT+FOS and OIT+butyrate mice 
compared to sensitized controls. A significant increase in 
butyrate in the caecum content was observed in 
OIT+FOS mice compared to sensitized controls and OIT 
mice. 

Conclusion 
FOS and butyrate either or not combined with OIT have 
profound inhibitory effects on allergic effector cells like 
mast cells and basophils. These inhibitory effects may 
partly be explained by the induction of epigenetic 
changes, because in vitro development of mast cells 
from bone marrow progenitors is affected. Further 
research is needed to investigate if this approach may 
improve treatment strategies for food allergies in the 
future.
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3.
FREE AMINO ACID LEVELS IN HUMAN MILK THROUGHOUT 
LACTATION AND THEIR IN VITRO IMMUNE MODULATORY 
POTENTIAL

Background
Human milk not only provides newborns with an optimal 
nutrient composition for development, but it also 
contains bioactive compounds that have an influence 
on the immune system and thus, potentially, on immu-
ne-related diseases like allergies. Free amino acids 
(FAAs), which make up 3-5% of the total amino acids 
present human milk, have gained considerable interest 
over the last decade. With the demonstrated immuno-
modulatory capacities of individual FAAs like glutamine, 
it is discussed that FAAs might have functional roles in 
the developing infant. To contribute to this discussion, 
the present study assessed the time-specific occurrence 
of FAAs in human milk and tested immunomodulatory 
effects of individual FAAs in in vitro immune/allergy 
models.

Methods
A total of 135 human milk samples donated by healthy 
Dutch mothers participating in the PreventCD study 
(ISRCTN74582487) on coeliac disease were analyzed.  
It concerned 25 series of consecutively monthly samples 
up to 6 months of lactation. FAA content was analyzed 
by ultra-fast liquid chromatography. Immunomodula-
tory effects of individual FAAs were tested in vitro in 
monocyte-derived dendritic cells and in murine bone- 
marrow derived mast cells, which were activated for 24h 
with LPS and IL33, respectively. As readout, the TH1/
TH2-cytokine profile was measured in absence and 
presence of FAAs during cell activation.

Results
At a concentration of 1295-1825 µM, glutamate was by 
far the most abundant FAA in milk at each stage of 
lactation, followed by glutamine. Whereas most of the 
FAAs remained stable levels throughout lactation, 
average levels of free glutamate, glutamine, aspartate, 
glycine, and serine significantly increased in the first 
three months of lactation. Of these, relative increases 
were highest for glutamate (1.5-fold) and glutamine 
(3.5-fold). Analyses of immunomodulatory effects of 
free glutamine and glutamate in vitro showed that 
glutamate significantly increased both the IL-12 pro-
duction and the IL-12/IL10 ratio of LPS-stimulated 
dendritic cells in a dose-responsive manner, whereas 
glutamine decreased IL-13 production by IgE-stimula-
ted mast cells. 

Conclusion
FAAs in human milk display a time-specific occurrence 
throughout lactation. Free glutamine and glutamate, of 
which levels in human milk increased in the first 3 
months of lactation, were demonstrated to exhibit 
TH2-inhibiting and/or TH1-skewing capabilities in in vitro 
allergy models. Additional research is required to study 
the physiological benefit of this finding.

1.  Danone Nutricia Research, Utrecht, The Netherlands 
2.  Utrecht Institute for Pharmaceutical Sciences (UIPS),  

Utrecht University, Utrecht, The Netherlands 

3.  Dept. of Pediatrics, Erasmus Medical Center, Rotterdam, 
 the Netherlands 

4.  Dept. of Pediatrics, Leiden University Medical Center,  
Leiden, the Netherlands

J.H.J. van Sadelhoff 1,2, B.J.M. van de Heijning1, B. Stahl1, M. Rings3,4, M. Luisa Mearin4, J. Garssen1,2, A. Hartog1,2
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4.
ALTERED MICROBIAL COMMUNITY STRUCTURE AND 
METABOLISM IN COW’S MILK ALLERGIC MICE RECEIVING 
ORAL IMMUNOTHERAPY AND FRUCTO-OLIGOSACCHARIDES

Background
Previously, we showed that by co-administering fruc-
to-oligosaccharides (FOS, prebiotics), the efficacy of oral 
immunotherapy (OIT) in cow’s milk allergic mice was 
improved, as evidenced by a reduction in clinically-rela-
ted symptoms and mast cell degranulation. Prebiotic 
fibers are fermented by gut bacteria, affecting both the 
microbial composition and availability of bacterial meta-
bolites including short-chain fatty acids (SCFA). However, 
it is unknown which role the microbiome and SCFA play 
in the effect of OIT+FOS on the allergic response. 

Aim: 
To explore potential OIT+FOS-induced changes in the 
faecal microbiota composition and availability of SCFA.

Materials and methods
Female C3H/HeOuJ mice (n=5-8/group) were sensitized 
to the cow’s milk protein whey per oral gavage (20 mg 
whey with 15 μg cholera toxin in 0.5 ml PBS, 5x) and sub-
sequently received OIT (10 mg whey, 5x/week for 3 
weeks) with or without a diet supplemented with a 
specific mixture of plant-derived short-chain fructo-oli-
gosaccharides (scFOS) and long-chain FOS (lcFOS) in 9:1 
scFOS/lcFOS ratio (1% w/w). After 3 weeks, faecal samples 
were collected to analyze gut microbiota composition 
using 16S rRNA sequencing. SCFA concentrations were 
determined in cecum content. 

M.M. Vonk1,2, P.A. Engen3, A. Naqib4, S. J. Green4,5, A. Keshavarzian3,6,7,1 ,.R.J. Blokhuis1, F.A.M. Redegeld1, J. Garssen1,2,  
L. M.J. Knippels1,2, B.C.A.M. van Esch1,2

Results
FOS supplementation in sensitized mice changed the 
overall microbial community structure in faecal samples 
compared to sensitized mice fed the control diet 
(p=0.03). In contrast, a high level of resemblance in 
bacterial community structure was observed between 
the non-sensitized (healthy) control mice and the 
OIT+FOS mice. OIT mice showed an increased relative 
abundance of the dysbiosis-associated phylum Proteo-
bacteria compared to the OIT+FOS mice. FOS supple-
mentation increased the relative abundance of 
Allobaculum (Firmicutes), known to produce butyric 
acid. OIT+FOS reduced the abundance of Rikenellaceae 
(Bacteroidetes) and Clostridiales (Firmicutes) compared 
to sensitized controls, and increased the abundance of 
Lactobacillus (Firmicutes) compared to FOS. OIT+FOS 
mice had increased butyric acid and propionic acid 
concentrations. 

Conclusion
OIT+FOS induced a microbial profile approximating 
non-allergic mice and this was accompanied by 
increased concentrations of butyric acid and propionic 
acid in cecum content. Future research should confirm 
whether there is a causal relationship between microbial 
modulation and the reduction in allergic symptoms 
induced by OIT+FOS.

1.  Division of Pharmacology, Utrecht Institute for 
Pharmaceutical Sciences, Faculty of Science,  
Utrecht University, Utrecht, The Netherlands
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5.  Department of Biological Sciences, University of Illinois  
at Chicago, Chicago, IL USA 

6.  Department of Pharmacology, Rush University Medical 
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5.
UNPROCESSED COW’S MILK SUPPRESSES ALLERGIC 
SYMPTOMS IN A MURINE MODEL FOR FOOD ALLERGY  
– A POTENTIAL ROLE FOR EPIGENETICS

Background
Epidemiological studies have shown an inverse relation 
between unprocessed cow’s milk consumption and the 
development of asthma and allergies. This protective 
effect seemed to be abolished by milk processing. Previ-
ously, we confirmed the epidemiological findings on 
asthma by showing causality. In the present study, we 
investigated whether unprocessed cow’s milk is also 
protective in a murine model for food allergy. Besides, 
we looked at possible changes in histone acetylation to 
investigate the involvement of epigenetic regulation.

Methods
C3H/HeOuJ mice were sensitized intragastrically (i.g.) 
once a week for five weeks with ovalbumin (OVA) using 
cholera toxin (CT) as an adjuvant (d0, 7, 14, 21, 28). Prior to 
sensitization, mice were orally treated with unprocessed 
milk, processed milk or PBS (as control) for eight conse-
cutive days (d-9 to -2). Five days after the last sensitizati-
on (d33), mice were challenged intradermally (i.d.) in the 
ear with OVA to determine acute allergic symptoms. On 
the same day, mice were challenged i.g. with OVA. 
Eighteen hours after the i.g. challenge mice were killed 
and organs were obtained for ex vivo analysis (d34).  
In addition, epigenetic modifications in Th1-, Th2- and 
regulatory T cell-related genes of splenocyte derived 
CD4+ T cells were analyzed after milk treatment (d-1) as 
well as at the end of the study (d34).

Results
OVA sensitized mice receiving unprocessed milk showed 
decreased allergic symptoms compared to sensitized 
mice receiving PBS. The acute allergic skin response and 
anaphylactic shock symptoms were reduced and the 
body temperature remained high. OVA-specific IgE 
levels were also decreased. These protective effects 
were not observed when sensitized mice received 
processed milk. Looking at epigenetic modifications, un-
processed milk exposure for eight days led to higher 
acetylation of Th1-, Th2- and regulatory T cell-related 
genes of CD4+ T cells compared to processed milk (d-1). 
At the end of the study (d34) this general immunostimu-
lation was resolved and acetylation of Th2 genes was 
lower compared to processed milk.

Conclusion
Unprocessed cow’s milk reduces allergic symptoms in  
a murine model for food allergy. This protective effect 
was not observed after exposure to processed milk.  
The general immunostimulation in the spleen after 
exposure to unprocessed milk could be responsible for 
the observed tolerance induction, suggesting that 
epigenetic mechanisms contribute to the allergy pro-
tective effect of unprocessed cow’s milk.

1.  Division of Pharmacology, Utrecht Institute for 
Pharmaceutical Sciences, Faculty of Science,  
Utrecht University, Utrecht, The Netherlands

2.  Institute of Laboratory Medicine, member of the German 
Centre for Lung Research (DZL), Philipps-Universität 
Marburg, Marburg, Germany

3.  Research Institute of Organic Agriculture (FiBL),  
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4.  Danone Nutricia Research, Utrecht, The Netherlands 
5.  John Paul II Hospital, Krakow, Poland
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H. Garn2, J. Garssen1,4, D.P. Potaczek2,5, B.C.A.M. van Esch1,4
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6.
GENDER DIFFERENCE IN THE FREE AMINO ACID 
GLUTAMINE IN HUMAN MILK IN THE FIRST 3 MONTHS  
OF LACTATION

Background
Human milk provides newborns with various nutritional 
and bioactive factors. Free amino acids (FAAs) in human 
milk, making up 5-10% of the total amino acid content, 
gained considerable interest as bioactive factor. Specific 
FAAs, like glutamate and glutamine, have immune-mo-
dulating capacities and thus could, potentially, influence 
the development of immune-related diseases. Studies 
have shown differences in the occurrence of asthma, 
wheeze and coeliac disease between boys and girls 
early in life. It can be hypothesized that differences in 
composition between milk for boys and milk for girls 
might contribute to this. Despite existing controversy, 
there are indications that fatty acid composition in milk 
is dependent on the infant’s gender and that fatty acid 
composition in milk might be associated with the deve-
lopment of asthma and wheeze early in life. To contribu-
te to this discussion, the present study analyzed FAA 
levels in human milk through lactation and compared 
FAA levels in milk for boys with levels in milk for girls.

Methods
A total of 135 human milk samples donated by 25 healthy 
Dutch mothers participating in the PreventCD study on 
coeliac disease (ISRCTN74582487) were analyzed, com-
prising 25 series of monthly samples up to 6 months of 
lactation. Of the participating women, 12 gave birth to a 
boy and 13 gave birth to a girl. FAA levels were analyzed 
by ultra-fast liquid chromatography. Differences in FAA 

levels between milk for boys and milk for girls were 
assessed by area under the curve (AUC) analyses per 
lactation trimester. AUC values of FAAs in milk for boys 
were compared to values measured in milk for girls 
using an unpaired two-tailed Student’s T-test.

Results
AUC analyses revealed that milk for boys tended to 
contain a higher sum of FAAs than milk for girls in the 
first lactation trimester (P=0.1086), nearly reaching statis-
tical significance (P=0.0613) when glutamate, accoun-
ting for over 50% of the total FAA content, was excluded. 
With regards to individual FAAs, milk for boys tended to 
contain slightly higher levels of most FAAs than milk for 
girls in the first lactation trimester, but statistical signifi-
cance was only reached for free glutamine (P=0.0330). 

Conclusion
Although confirmation is necessary in view of the small 
sample size, this study indicates that milk for boys 
contains significantly higher levels of free glutamine in 
the first lactation trimester than milk for girls. Further 
research is needed to explore the physiological impor-
tance of this finding.

1.  Division of Pharmacology, Utrecht Institute for 
Pharmaceutical Sciences, Faculty of Science, Utrecht 
University, Utrecht, The Netherlands

2.  Institute of Laboratory Medicine, member of the German 
Centre for Lung Research (DZL), Philipps-Universität 
Marburg, Marburg, Germany

3.  Research Institute of Organic Agriculture (FiBL),  
Frick, Switzerland

4.  Danone Nutricia Research, Utrecht, The Netherlands 
5.  John Paul II Hospital, Krakow, Poland
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7.
ALLERGO-ONCOLOGY: CROSSTALK BETWEEN HUMAN 
MAST CELLS AND COLON CANCER CELLS CONTRIBUTES  
TO COLON CANCER DEVELOPMENT

Background
Colorectal cancer (CRC) is the third most common and 
the fourth most deadly cancer and inflammation con-
tributes to CRC development. Thus, targeting inflamma-
tory cells and mediators can potentially reduce the 
development, growth and spread of disease. Mast cells 
accumulate in CRC tissues and can play a dual role in 
the development of cancer. They can inhibit tumor 
growth through the cytotoxic activity of released 
proteases, but they also promote tumor growth via the 
release of growth factors and angiogenic factors, and 
cause suppression of a protective immune response. 
Mast cell density is correlated to tumor progression and 
clinical outcome in patients with CRC. In this study, we 
provide further insight into the effects of human mast 
cells (HMC) and their mediators on the progression of
colon cancer growth.

Method
CD34+-derived HMC were generated and their interac-
tion with human colon cancer cell lines (HT29 and 
Caco2) was investigated in both 2D and 3D co-culture 
models. Transwell assays were used to analyze HMC 
chemotaxis to colon cancer and BrdU proliferation 
assays were used to study the effect of HMC on colon 
cancer proliferation. 3D cancer spheroid models with 
HMC and HT29 colon cancer cells were established to 
explore the relationship of HMC and colon cancer 
growth and invasion, which was visualized by confocal 
microscopy.

Results
HT29 and Caco2 colon cancer cells induced HMC 
migration via the release of CCL15 and SCF, respectively. 
HMC promoted colon cancer proliferation and this 
effect depended on the bidirectional crosstalk between 
HMC and colon cancer cells. 3D cancer spheroid models 
showed this crosstalk was possibly mediated via soluble 
mediators. Furthermore, TLR2-stimulated HMC induced 
a stronger growth of colon cancer compared with 
non-stimulated HMC, as indicated by spheroid area 
(0.23 ± 0.05mm2 verse 0.34 ± 0.12 mm2).

Conclusion
Collectively, in this study for the first time a 3D co-culture 
model of primary HMC and human colon cancer cells is 
established, which provides an advanced in vitro model 
to investigate the molecular mechanism of mast 
cell-colon cancer interaction. The results from this study 
indicate that a bidirectional crosstalk is responsible for 
HMC recruitment and enhanced colon cancer growth.

Y. Yu1, B. Blokhuis1, Y. Derk1s, S. Kumari1, J. Garssen1,2, F. Redegeld1

1.  Division of Pharmacology, Utrecht Institute of 
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8.
NETWORK-BASED APPROACH FOR IDENTIFYING SUITABLE 
BIOMARKERS FOR ORAL IMMUNOTHERAPY OF FOOD 
ALLERGY IMMUNOTHERAPY/IMMUNOTHERAPY: MECHANISMS

Background
Oral immunotherapy (OIT) is a promising therapeutic 
approach to treat food allergic patients. Recently, we 
have shown that the use of a mixture of short-chain- 
and long-chain fructo-oligosaccharides (scFOS/lcFOS) 
improves the efficacy of OIT in cow’s milk and peanut 
allergic mice. However, concerns with regard to safety 
and long-term efficacy of OIT remain and there is a need 
to identify novel biomarkers (panels) that predict, 
monitor and/or evaluate the effects of OIT. Here we 
present a method for the selection of candidate biomar-
kers by using the computational approaches Bayesian 
networks (BN) and Topological Data Analysis (TDA).
 
Method
Data were used from scFOS/lcFOS diet-supported OIT 
studies performed in 2 independent cow’s milk allergy 
(CMA) and 2 independent peanut allergy (PNA) experi-
ments in mice. First, a subset of the data was used for 
learning the data structure and their interactions in 
terms of a BN. This BN was used to compare the key 
parameters in both experimental food allergy models. 
Finally, the relations within the dataset in combination 
with the BN were explored to identify and rank 
candidate biomarkers for the effect of OIT by applying 
TDA.

Results
The BN was able to predict the efficacy of OIT in the 
CMA and in the PNA model with 82% and 80% accuracy 
respectively, thereby identifying a set of 5 parameters 
(allergen-specific IgE and IgG1, body temperature, 
mMCP-1, earswelling) being key in the mechanisms 
involved in both scFOS/lcFOS-aided OIT food allergy 
models. The TDA zoomed in on the full set of 67 previ-
ously analyzed parameters and identified clusters of bio-
markers closely linked to biologically relevant clinical 
symptoms but also unrelated and redundant parame-
ters within the network. Taken together, this enables the 
prioritization of candidate biomarkers. Moreover, the 
TDA indicated differences between PNA and CMA 
models in how the data are related to each other.

Conclusion
Here we provide promising bioinformatics methods to 
compare mechanistic features between two different 
food allergies and to determine the biological relevance 
of biomarker (panels) of OIT for food allergy. We have 
shown that the key drivers that influence PNA and CMA 
are similar, but that these phenotypically similar diseases 
show mechanistic differences in their subnetworks. 
These new insights provide excellent starting points to 
generate new hypotheses to explain why CMA has a 
different disease pattern than PNA and to select bio-
markers that are useful in future clinical studies.

1.  TNO, Zeist, The Netherlands
2. Utrecht University, Utrecht, The Netherlands

J. Van Bilsen1, L. Verschuren1, L. Wagenaar2, M.M. Vonk2,3, B.C.A.M. van Esch2, L.M.J. Knippels2,3, J. Smit2, R. Pieters2,  
T. Van Den Broek1

Immunotherapy/ Immunotherapy: mechanisms

3.  Danone Nutricia Research, Utrecht, The Netherlands


