
 

 

 University of Groningen

Immunomodulatory properties of protein hydrolysates
Kiewiet, Mensiena Berentje Geertje

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Kiewiet, M. B. G. (2018). Immunomodulatory properties of protein hydrolysates. [Thesis fully internal (DIV),
University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/15b09904-233a-4a89-82fe-a28414d0e1f2


93  

5
Soy and whey hydrolysate induced 

cytokine expression in dendritic cells 
and intestinal epithelial cells

M.B.G. Kiewiet1, R. Dekkers2, L.H. Ulfman2, A. Groeneveld2, M. M. Faas1,3, P. de Vos1

1Immunoendocrinology, Division of Medical Biology, Department of Pathology and 
Medical Biology, University of Groningen, University Medical Center Groningen, 

Hanzeplein 1, 9700 RB Groningen, The Netherlands
2FrieslandCampina, Stationsplein 4, 3818 LE Amersfoort, The Netherlands

3Department of Obstetrics and Gynecology, University of Groningen, University
Medical Center Groningen, Groningen, the Netherlands



 94  

Chapter 5

Abstract
Hydrolyzed soy and cow’s milk proteins have recently been found to possess immunomodulatory 
capacities. The mechanisms underlying these effects have not yet been fully elucidated. Immune 
responses in the intestine are mainly orchestrated by intestinal epithelial cells (IECs), dendritic 
cells (DCs), and T cells. Therefore, in this study we used a coculture system to investigate the 
effects of a soy protein and whey hydrolysate on cytokine production of human IECs, immature 
DCs and T cells. Both the soy and whey hydrolysate induced cytokine production (IL-12, IL-8, TNFα, 
IL-10, IL-1RA, IL-6, MCP-1, MIP-1α, RANTES, and TSLP) when in direct contact with DCs. In IECs 
soy hydrolysate only induced production of IL-8 and MCP-1. Furthermore, after coculturing IECs 
and DCs, the hydrolysates did not change cytokine production. T cell cytokine production was 
also not affected. Understanding the attenuation of the effects of these hydrolysates in intestinal 
immune cells contributes to a better insight in the effects of hydrolysates.



95  

The effects of a  soy and whey hydrolysate on dendritic cells and epithelial cells

5

Introduction
Breastfeeding is univocally accepted as the healthiest feeding option for newborns and exclusive 
breastfeeding is recommended until 6 months of age [1,2]. In those situations where breastfeeding 
is not possible, infant formula is the only approved alternative for mother’s milk [3]. Infant formulas 
contain proteins that are often derived from cow’s milk or soy [4]. In some cases the child does 
not tolerate these proteins and develops an allergy against the soy or cow’s milk proteins [5,6].
 Hydrolyzed cow’s milk and soy proteins are being used in infant formulas for treatment of 
infants suffering from cow’s milk protein or soy protein allergy [7]. Hydrolysates are also used 
in infant formulas to prevent cow’s milk allergy in children at risk of allergy [8]. Up to now the 
hypoallergenic properties of hydrolysates were assumed to be accomplished by destruction of 
allergenic epitopes during the hydrolyzation process [9], but recent research indicates that the 
peptides formed during hydrolysis also possess immunomodulatory properties [10,11]. In this 
way, hydrolysates could actively prevent or decrease allergic reactions by modulating intestinal 
immune cells [12,13]. However, the mechanisms involved in these allergy attenuating effects of 
hydrolysates have not been fully elucidated.
 The initial immune response against a food component is mainly orchestrated by intestinal 
epithelial cells (IECs), dendritic cells (DCs) and T cells [14]. Especially intestinal DCs have been 
found to determine whether an immune response against food antigens does or does not occur 
[14]. The DC phenotype can be influenced by many factors, including neighboring cells [15,16] 
that might be modulated by food-molecules [17]. We recently demonstrated for example that 
dietary fibers had minor to no direct effects on DCs in monoculture in vitro [18]. This changed 
when DCs were cocultured with IECs and then incubated with dietary fibers. In this situation, DCs 
showed immune regulatory effects [18]. We hypothesize that similar processes may also occur 
with hydrolysates.
 Therefore, in the present study we investigated the effects of a soy protein and a whey 
hydrolysate on cytokine production of human IECs, DCs, and T cells. We did this in a stepwise 
fashion by first studying effects of the different hydrolysates on DCs or IECs in monoculture and 
subsequently in a coculture of DCs and IECs. Finally, we tested the effects of DC conditioned 
medium on T cell polarization.

Materials and methods
Characterization of hydrolysates tested
Soy and whey protein hydrolysates were kindly provided by FrieslandCampina (Amersfoort, the 
Netherlands). Soy isolate and whey protein concentrate were hydrolyzed by two-step digestions 
to produce the hydrolysate. The peptide composition of the hydrolysates was characterized with 
a RP-UHPLC method. Separations were performed on a Hypersil GOLD C18 analytical column. 
Elution was performed with a flow rate of 0.8 mL/min. The gradient elution was carried out with 
a mixture of 0.1% trifluoroacetic acid (TFA) and 1% acetonitrile (ACN) in H2O and 0.1% TFA and 
90% ACN in H2O. All samples were tested for endotoxins by using the Limulus amebocyte lysate 
assay (LAL) according to the manufacturer’s instructions (ThermoFisher Scientific, Waltham, US). 
Endotoxin concentrations in all samples had no significant effects on the cells applied.



 96  

Culturing Caco-2 cells and generating an IEC monolayer
Human epithelial colorectal adenocarcinoma Caco-2 cells were cultured in DMEM (Gibco, Life 
Technologies, Bleiswijk, the Netherlands) medium supplemented with 10% decomplemented 
fetal calf serum (FCS) (Hyclone, ThermoScientific, Breda, the Netherlands), 1% nonessential amino 
acids (Gibco, Life Technologies, Bleiswijk, the Netherlands), and 50 μg/mL Penicillin-Streptomycin 
Solution (Sigma Aldrich, Zwijndrecht, The Netherlands). When grown until ~80% confluency, 
cells were detached by trypsinization and seeded on top of a filter of a 24 wells transwell insert 
(polycarbonate membranes, 3 μm pores; Corning, NY, USA) at a concentration of 100.000 cells/
well (in 200 μL). The lower chambers were filled with 1 mL of medium. Cells were maintained 
in the transwell inserts for 14-21 days in order to form a confluent monolayer. Medium was 
changed every other day. Trans-epithelial resistance was measured using an EVOM2 Epithelial 
Voltohmmeter (World Precision Instruments, Inc.). Caco-2 cells were used for experiments when 
the resistance reached 400 Ω.cm2.

DCs and T cells
Autologous DCs and T cells were purchased from MatTek Corporation (Ashland, MA, USA). DCs 
were generated from umbilical cord blood CD34+ progenitor cells (hematopoeietic stem cells). 
The T cells were isolated from umbilical cord blood by negative selection with Dynabeads; T cell 
characteristics were confirmed by FACS. 97-99% of the cells were CD3+. Both DCs and T cells were 
cultured according to the manufacturer’s instructions.

Direct stimulation of DCs and IECs
In this study, we used an in vitro platform to test the effect of hydrolysates on activation of different 
immune cells involved in intestinal immune reactions against dietary antigens as described by 
Bermudez-Brito et al [18]. The first step was to investigate the direct effects of hydrolysates on 
human DCs (figure 1A).
 Freshly thawed DCs were seeded in each well of a 96 wells plate (6x104 in 200 μL). Cells 
were cultured for 24 hours before starting the experiment as described in the manufacturer’s 
instructions. Then, cells were exposed to 2 mg/mL hydrolysate for 24 hours (37 °C, 5% CO2) and 
supernatant was collected and stored at -80 °C for cytokine measurements (n=5).
 The next step was to test the direct effects of hydrolysates on human IECs (figure 1B). To this 
end IECs cultured on the membrane of transwell inserts were incubated with the hydrolysates (2 
mg/mL) for 24 hours, after which the basolateral supernatant was collected and stored at -80 °C 
for cytokine measurements (n=5) (figure 1B).

Stimulation of cocultured DCs and IECs
As the interplay and crosstalk between different intestinal cell types may be crucial for the final 
response [16], we also tested the effects of the whey and soy hydrolysates in cocultures of IECs 
and DCs (figure 1C), using a transwell coculture model mimicking the physiological situation in 
the intestine [18].
 To study this, first DCs were thawed and seeded in 24 wells plates (3x105 cells/well) for 24 hours 
for the DC layer in the basolateral compartment (figure 1C). When starting the experiment the 
next day, a new batch of DCs were thawed and seeded at the basolateral side of an IEC monolayer 
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in the transwell insert membrane. Therefore, the transwell inserts were turned upside down, and 
5x104 DCs were seeded on the transwell membrane in 80 μL of medium. Transwell inserts were 
incubated upside down at 37 °C for 4 hours to allow the DCs to attach. After incubation, the 
medium on the membrane was removed, and the membrane was washed 2 times with PBS. 
Then, transwell inserts were placed in the 24 wells plate containing the precultured DCs. The 
hydrolysates were added to the apical chamber. After 24 hours incubation with the hydrolysates, 
the basolateral supernatant was collected and stored for cytokine measurements (n=5).

Stimulation of T cells
The last step was to determine the eff ect of soluble factors produced by hydrolysate stimulated 
DCs or by the cocultured DCs and IECs on naïve T cell activation and polarization as described 
before by our group [18]. To this end, T cells were seeded in a 96 wells plate at a concentration 
of 4x104 cells/well (in 200 μL), and precultured for 24 hours. Then, 40 μL conditioned medium of 
hydrolysate stimulated cocultured IECs and DCs (fi gure 1D) or conditioned medium from DCs 
alone was added (n=5) (fi gure 1E). Unstimulated coculture medium or unstimulated DC medium 
was used as a control. T cells were incubated for 24 hours, and supernatant was stored for cytokine 
measurements.

Figure 1. Overview of cell stimulations. First, DCs (1A) and IECs (1B) alone were stimulated with soy and whey 
hydrolysates. Then, DCs and IECs were stimulated with hydrolysates when cultured together (1C). To do this, 
IECs were grown on a transwell membrane, while DCs were present both on the basolateral side of the transwell 
membrane and on the bottom of the basolateral compartment. To test the eff ects of soluble factors derived from 
hydrolysate stimulated cocultured IECs and DCs (1D) or from stimulated DCs alone, T cells were stimulated with the 
supernatant of cocultured IECs and DCs or DCs alone.

The effects of a  soy and whey hydrolysate on dendritic cells and epithelial cells
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Assessment of cytokine expression
The levels of IL-1β, IL-1RA, IL-10, IL-12, IL-6, IL-8, MCP-1/CCL2, MIP-1α/CCL3, RANTES/CCL5, TNFα, 
and TSLP in the IEC and DC supernatant were measured using a custom made ProcartaPlex® 
multiplex immunoassays (Affymetrix, CA, USA). Another multiplex immunoassay was used to 
quantify the levels of IL-10, IL-2, IL-4, IL-5, and TNFα in the T cell supernatant. Both immunoassays 
were performed according to the manufacturer’s protocol. Briefly, cytokine standards were 
resuspended, and serial dilutions were prepared. Antibody magnetic bead mix was added to the 
plate. After washing, standards and samples were added (50 μL/well), the plate was sealed, and 
incubated while shaking (30 min at room temperature (RT), overnight at 4 °C, and again 30 min  
at RT). After washing the plate twice, detection antibodies were added (25 μL/well) and the plate 
was incubated for 30 min at RT on a plate shaker. After incubation, the plate was washed twice 
and 50 μL/well streptavidin-phycoerythrin was added. Again, the plate was incubated at RT for 
30 min while shaking. To prepare the plate for analysis, the plate was washed, and 120 μL/well 
of reading buffer was added. After shaking the plate for 5 min at RT fluorescence was measured 
using a Luminex 100 System. The data obtained were analyzed using StarStation software.

Statistical analysis
Statistical analysis was performed using Graphpad Prism 6. Normal distribution of the data 
was tested using the Kolmogorov-Smirnov test. All data were normally distributed. Values are 
expressed as mean ± standard deviation (SD). T-tests were used to show individual differences. A 
p-value of <0.05 was considered to indicate a significant difference.

Results
Characteristics of soy and whey hydrolysates
The soy and whey protein hydrolysates were obtained by a two-step hydrolysis of soy isolate 
and whey protein concentrate, respectively. Peptide patterns (reversed phased chromatography) 
and molecular weight distributions are shown in figure 2. Both hydrolysates contain mainly 
peptides, but also still contain a fraction of bigger (>10.000 Da), possibly intact, proteins. The 
soy hydrolysate tested was hydrolyzed more extensively compared to the whey hydrolysate, and 
therefore it contains a bigger fraction of small peptides (<500 Da).
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Figure 2. Characterization of the soy and whey hydrolysate. The peptide composition of the hydrolysates 
was characterized with a RP-UHPLC method. Peptide patterns are shown in figure 2A, and a molecular weight 
distribution was show in 2B. Both hydrolysates contain mainly peptides, but also still contain a fraction of bigger 
(>10.000 Da) proteins. The soy hydrolysate tested was hydrolyzed more extensively compared to the whey 
hydrolysate.

Stimulation with soy and whey hydrolysates induced strong cytokine production in DCs.
The effect of direct stimulation with the soy and whey hydrolysates on DCs was investigated. To 
this end, DCs were stimulated with the hydrolysates for 24 hours, and cytokines were measured 
in the medium using luminex (situation A in figure 1).
 Both soy and whey hydrolysates significantly increased the production of IL-12, IL-8, TNFα, IL-
10, IL-1RA, IL-6, MCP-1, MIP-1α, RANTES, and TSLP in DCs (all p<0.05) compared to unstimulated 
DCs (figure 3). The proinflammatory cytokine IL-1β was only significantly increased compared 
to the control after soy hydrolysate administration (p<0.05), but not after adding the whey 
hydrolysate.

The effects of a  soy and whey hydrolysate on dendritic cells and epithelial cells
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 When comparing the eff ects of the soy and whey hydrolysate, we found that TSLP, IL-1β, IL-12, 
IL-6, MCP-1, MIP-1α, RANTES, and TNFα (all p<0.05) were signifi cantly higher after soy hydrolysate 
stimulation compared to whey hydrolysate stimulation. For IL-8, IL-10, and IL-1RA, no diff erences 
between soy and whey stimulated DCs were observed.

Figure 3. Cytokine production of soy and whey hydrolysate stimulated DCs. Soy hydrolysates induced increased 
cytokine production of all measured cytokines and chemokines measured in the supernatant after stimulation 
for 24 hours. Whey hydrolysates also stimulated cytokine production for most cytokine, except for IL-1β. For a 
range of cytokines, the production after whey hydrolysate stimulation was less compared to stimulation with 
soy hydrolysate. Signifi cant diff erences compared to the negative control were determined by using t-tests and 
indicated by *.

Stimulation with soy hydrolysate induced IL-8 and MCP-1 in IECs.
In the intestine, the epithelial cells are the fi rst cells to encounter dietary molecules. Therefore, we 
assessed the eff ects of soy and whey hydrolysates on cytokine production by IECs. To this end, 
a confl uent layer of IECs was stimulated with the hydrolysates for 24 hours, and cytokines were 
measured in the medium using luminex (situation B in fi gure 1).
 Only IL-8 and MCP-1 were detected in the medium of unstimulated and hydrolysate stimulated 
IECs (fi gure 4). The levels of the other cytokines did not reach detectable threshold levels of 
luminex (data not shown). Both IL-8 and MCP-1 were signifi cantly increased in cells stimulated 
with soy hydrolysate compared to unstimulated controls (p<0.05), but not in cells stimulated with 
whey hydrolysate.
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Figure 4. Cytokine production of soy and whey hydrolysate stimulated IECs. Stimulation of IECs with soy 
hydrolysate for 24 hours induced increased production of IL-8 and MCP-1. This eff ect was not observed when cells 
were incubated with whey hydrolysates. Signifi cant diff erences compared to the negative control were determined 
by using t-tests and indicated by *.

Modulation of cytokine production by cocultured IECs and DCs
To assess the crosstalk between IECs and DCs, the next step was to investigate the cytokine 
response of cocultured IECs and DCs. The IEC-DC coculture was apically stimulated with 
hydrolysates, and after 24 hours the cytokine production by IECs and DCs was measured in the 
basolateral medium (situation C in fi gure 1).
 From all cytokines measured, only IL-1β, IL-12, IL-8, IL-1RA, MCP-1, MIP-1α, and RANTES were 
detected in the basolateral medium obtained from the cocultured IECs and DCs (fi gure 5). 
However, for none of these cytokines the production was increased after stimulation with either 
the soy or the whey hydrolysate compared to the unstimulated control cells.

Figure 5. Cytokine production of cocultured IECs and DCs after stimulation with soy and whey hydrolysates. 
When cocultured IECs and DCs were stimulated with soy or whey hydrolysate for 24 hours, the cytokines IL-1β, 
IL-12, IL-8, IL-1RA, MIP-1α, MCP-1 and RANTES were detected in the basolateral medium. However, no diff erences 
in cytokine production were detected between soy and whey hydrolysate stimulated cells and unstimulated cells. 
Signifi cant diff erences compared to the negative control were determined by using t-tests and indicated by *.

The effects of a  soy and whey hydrolysate on dendritic cells and epithelial cells
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Soluble factors of hydrolysate stimulated IEC-DC cocultures did not induce T cell polarization
T cells play an important role in the immune reaction against food antigens in the intestine. 
The question arose whether the cytokine production by DCs (and IECs) was able to affect T cell 
cytokine production as reported before for dietary fibers [18]. Therefore, it was first assessed 
whether soluble factors in the medium of cocultured IECs and DCs, which were stimulated with 
hydrolysates, affected T cell differentiation (situation D in figure 1). After 24 hours of stimulation, 
Treg cytokine IL-10, Th1 cytokine IL-2 and Th2 cytokines IL-4 and IL- 5 were detected in the 
medium (figure 6). No differences in production of these cytokines were observed between 
groups, indicating no T cell differentiation was induced after hydrolysate stimulation.
 Next, we studied whether the cytokines produced by monocultures of DCs after soy or whey 
hydrolysate stimulation affected T cell polarization (situation E in figure 1). Here, also IL-10, IL-2, 
IL-4, IL-5 and TNFα were detected in the medium (figure 7). When comparing the production 
of these cytokines between the groups, no significant differences between the groups were 
detected (figure 7).

Figure 6. Cytokine production of T cells after stimulation with soluble factors of cocultured IECs and DCs 
which had been stimulated with soy and whey hydrolysate. When T cells were stimulated with conditioned 
medium of cocultured IECs and DCs which had been stimulated with soy or whey hydrolysate for 24 hours, the 
cytokines IL-10, IL-2, IL-4, and IL-5 were detected. However, no differences in cytokine production were detected 
between soy and whey hydrolysate stimulated cells and unstimulated T cells. Significant differences compared to 
the negative control were determined by using T tests and indicated by *.
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Figure 7. Cytokine production of T cells after stimulation with soluble factors of DCs which had been stimulated 
with soy and whey hydrolysate. When T cells were stimulated with of DCs which had been stimulated with soy or 
whey hydrolysate for 24 hours, the cytokines IL-10, IL-2, IL-4, IL-5 and TNFα were detected. However, no differences 
in cytokine production were detected between soy and whey hydrolysate stimulated cells and unstimulated T cells. 
Significant differences compared to the negative control were determined by using t-tests and indicated by *.

Discussion
Nowadays, hydrolyzed proteins in hypoallergenic infant formulas are recognized to possess 
a broad range of immunomodulatory effects [13,19,20]. By gaining more insight into these 
properties, specific hydrolysates may serve to prevent or manage unwanted immune reactions in 
infants. They may e.g. reduce allergenic symptoms in allergy prone infants, or improve immune 
maturation in infants in general. In this study, the effects of whey and soy hydrolysates on 
cytokine production of IECs, DCs, and T cells were investigated as possible mechanism by which 
these hydrolysates may modulate immunity. Both the whey and soy hydrolysate induced strong 
activation when in direct contact with DCs, as illustrated by increased production of IL-12, IL-
8, TNFα, IL-10, IL-1RA, IL-6, MCP-1, MIP-1α, RANTES, and TSLP. In contrast, both hydrolysates had 
limited effects on cytokine production of IECs. Only the soy hydrolysate induced IL-8 and MCP-1 
in IECs.
 Despite the lack of effect on IEC derived cytokines the hydrolysates had profound effects on 
DCs. Since hydrolysates have been shown to induce TLR activation [21], it is plausible that the 
effects of hydrolysates on DCs are induced via activation of TLRs which are less present on IECs 
[22,23]. These direct effects on DCs may be crucial for the induction of the subsequent immune 
response [24]. The observed increase of the cytokines IL-6, IL-12, and IL-10 and chemokines IL-
8, MIP-1α, and MCP-1 indicate maturation and activation of the stimulated DCs [25,26], which 
triggers more pronounced Th17 and Th1 responses [27,28]. Together with an increased IL-12 
production by DCs [29], these effects are thought to contribute to the maturation of the Th2 
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prone, neonatal immune system towards development of Th1 responses and a therefore are 
decreased risk of infections [29]. Increased amounts of specific chemokines or their receptors, 
like RANTES/CCR5 [30], also protect against infection [31]. IL-6 and IL-10 produced by DCs leads 
to increased class-switching to IgA [32,33], which results in a faster clearance of pathogens or 
antigens [34]. However, since direct interaction of hydrolysates and TLRs is needed, mainly DCs 
extruding into the lumen of the intestine will be able to induce these effects.
 As most DCs are present in the lamina propria, which is separated from the lumen of the 
intestine by the epithelial barrier, we also investigated the effects of the whey and soy hydrolysates 
in a coculture system in which IECs form a confluent layer on top of the DCs. In contrast to the 
direct effect of hydrolysates on DCs, we did not observe hydrolysate induced cytokine production 
in this coculture setup (figure 5). The lack of DC-stimulation by hydrolysates in the coculture 
setup was probably not due to regulatory cytokine production of the IECs, since none of these 
regulatory cytokines were observed in the coculture medium. Furthermore, stimulating DCs with 
conditioned medium from hydrolysate stimulated IECs confirmed that soluble factors from IECs 
did not affect DC cytokine production (data not shown). In the cocultures, IECs thus seem to 
prevent the DCs from reacting by physically protecting the DCs from contact with the hydrolysates. 
Crosstalk between the IECs and DCs upon hydrolysate exposure might occur, however, since IL-8 
and MCP-1 are produced in monocultures of IECs upon stimulations with soy hydrolysate, but not 
in cocultures of IECs and DCs.
 Our current data suggest that effects of soy and whey hydrolysates on immune barrier cells 
are very different from that of non-digestible fibers as we reported before and which was studied 
in the same cell system [18]. The currently tested hydrolysates have strong direct effects on DCs, 
while non-digestible carbohydrates had only minor direct effects on DCs [18]. In contrast, the 
dietary fibers were potent activators of IECs, which were key in inducing enhanced DC and T cell 
responses due to soluble factors secreted by IECs. This IEC conditioning effect was not observed 
for whey and soy hydrolysates. This emphasized the notion that effects of food components 
on the consumers immune system is complex but allows for tailored intervention by selecting 
specific molecules with confirmed effects for managing specific disorders.
 Since it has been shown with dietary fibers that soluble factors derived from fiber stimulated 
DC and IEC cocultures are able to skew T cell differentiation [18], the last step in our experiment 
was to determine whether hydrolysates could have a similar effect on T cell polarization. 
However, hydrolysate stimulated DC and IEC coculture conditioned medium did not affect T 
cell differentiation (figure 6). Also, since activation of DCs are known to induce T helper 1 cell 
differentiation, we tested the effect of directly stimulated DC medium on T cell differentiation. 
But again, no altered differentiation of T cells was detected in vitro, as evidenced by absence of 
cytokine enhancements such as reported for dietary fibers (figure 7). This indicates again that 
effects of hydrolysates are very different from that of dietary fibers and mainly influence DCs [35].
 In summary, both the soy and the whey hydrolysate have been shown to induce strong 
cytokine production in DCs. The presence of a layer of IECs controls this strong response in DCs. 
T cells were not affected by soluble factors of IECs and DCs. The present knowledge leads to a 
better understanding of the immune regulating effects of hydrolysates and can ultimately be 
used to improve hypoallergenic infant formulas and infant formulas in general.
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