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Abstract 

Beneficial effects of inulin-type fructans are discussed in view of studies 

that applied the oligosaccharides in colon cancer, chronic inflammatory 

diseases, vaccination efficacy, and prevention of infection and allergy. In 

this chapter, we discuss their immunomodulating effects. It is suggested 

that immunomodulation is elicited through indirect and direct 

mechanisms. Indirect mechanisms encompass stimulation of growth and 

activity of lactic acid bacteria, but can also be caused by fermentation 

products of these bacteria, i.e., short chain fatty acids. Evidence for direct 

effects on the immune system generally remains to be confirmed. It is 

suggested that inulin-type fructans can be detected by gut dendritic cells 

(DCs), through receptor ligation of pathogen recognition receptors (PRRs) 

such as Toll-like receptors, nucleotide oligomerization domain containing 

proteins (NODs), C-type lectin receptors, and galectins, eventually 

inducing pro- and anti-inflammatory cytokines. DCs may also exert antigen 

presenting capacity toward effector cells, such as B cells, T cells, and 

natural killer cells locally, or in the spleen. Inulin-type fructans may also 

ligate PRRs expressed on gut epithelium, which could influence its barrier 

function. Inulin-type fructans are potent immunomodulating food 

components that hold many promises for prevention of disease. From this 

literature review, we conclude that studies into the mechanisms, dose-

effect relations, and structure-function studies are warranted. Inulin-type 

fructans from chicory can then be applied as model fibers to establish a 

technology platform for testing dietary fibers in primary cells and cell line 

models, and finally to test the application in human studies. 
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Introduction 

 
1.1 Functional food fibers in the context of society 

The scientific and industrial functional food worlds are meeting some new 

challenges. The consumer awareness that food is not only required to 

supply energy and nutrition, but also that healthy food is essential for 

prevention of disease and for both physical and mental well-being is 

growing [1-3]. This causes an increased demand for functional foods. A 

major category of functional foods is that of dietary fibers and prebiotic 

fibers. One of the root vegetables which is specifically cultured for its high 

content of prebiotic inulin-type fructan fibers is Cichorium intybus, or 

common chicory [4].  

Inulin-type fructans are naturally occurring linear plant oligo- and 

polysaccharides which consist of minimally two fructose-units, and at least 

one β(2-1) fructosyl-fructose glycosydic bond [4]. It is a family of 

molecules which meet the three classification criteria for being considered 

a prebiotic, as defined by Gibson and Roberfroid [5]; i.e. resistance to 

hydrolysis or absorption in the upper gastrointestinal (GI) tract, 

fermentation by the intestinal microbiota, and selective stimulation of the 

growth and/or activity of beneficial intestinal bacteria, such as 

Lactobacillus species and Bifidobacterium species. Well-known effects of 

inulin-type fructans on the gut microbiota are the increase in numbers of 

these types of bacteria in the intestinal tract, and the selective 

fermentation of inulin-type fructans by most Bifidobacterium species [6], 

and by some Lactobacillus species [7].  

For a considerable period of time, research has mainly been 

focused on the prebiotic, i.e. indirect effects of inulin-type fructans [8-12]. 

Somewhat more recent is the notion that prebiotic carbohydrates such as 

inulin-type fructans may elicit additional, direct effects such as 

immunomodulation along the GI tract [5,8,11,13,14]. This may occur via 

direct contact with gut dendritic cells (DCs) which sample immune active 

components from the gut lumen, and with intraepithelial lymphocytes 

(IELs) which can respond immediately upon contact with immune active 

food components [14-16]. It is also conceivable that contact of inulin-type 

fructans with the gut epithelial cells modulates the innate immune barrier 

by modifying epithelial tight junction integrity, or alters the signals from 

epithelial cells to the underlying immune cells [17]. In addition, the 

glycosidic and non-glycosidic fermentation products produced by gut 



CHAPTER 1. IMMUNOLOGICAL PROPERTIES OF INULIN-TYPE FRUCTANS. 

3 
 

microbiota upon fiber supplementation are under investigation for their 

beneficial health effects as reviewed by Meijer et al. [18] and Macfarlane 

and Macfarlane [19]. The glycosidic fermentation products can be small 

sized oligosaccharides and the non-glycosidic fermentation products 

include SCFAs such as acetate, propionate, and butyrate [20,21]. Although 

there are some recent reviews on the immunomodulatory properties of 

inulin-type fructans [22-24], in the majority of these reviews, 

immunomodulation was mainly discussed as an integral part of the health 

benefits of prebiotic fibers [11,25-28]. Many studies demonstrate that 

inulin-type fructans have unique ways for immunomodulation, but the 

underlying mechanisms are still incompletely understood. The following  

section provides an overview of the current knowledge of the direct and 

indirect mechanisms of immune modulation by inulin-type fructans and 

the possible signaling pathways. This overview is focused on the beneficial 

effects of inulin-type fructan supplementation in several diseases 

including colon cancer, [12,29,30,30,31], chronic inflammatory diseases 

[32-36], vaccination efficacy [37,38,38-43], and prevention of infection 

and allergy [8,39,44-50].  

 

1.2 Structure and terminology of inulin-type fructans  

Before discussing the immunomodulating properties of inulin-type 

fructans it is mandatory to discuss the structure and terminology of these 

molecules since their structure or more specifically their chain length 

probably determines their function in the host. Several studies have 

indicated that polymer chain length or degree of polymerization (DP), is an 

important feature to consider, as it determines where along the GI tract 

fermentation occurs [9,51,52]. It appears that short chain fructans are 

generally fermented relatively fast in the proximal colon, whereas fructans 

with a relatively long chain resist fermentation until they reach the distal 

colon where they are metabolized [10,17]. In addition, Bifidobacterium 

species differ along the gastrointestinal tract, so the different DP can 

determine the types of bacteria that become enriched. This could render 

different outcomes in health related parameters [9]. 

Fructans are denoted as Fn, with F for fructose and n representing 

the number of fructose subunits in the polymer. Most inulin-type fructans 

in nature contain a terminal glucose residue (denoted as a GFn) as 

biosynthesis starts with sucrose to which fructose residues are added [4]. 

Figure 1 depicts Haworth projections of these two types of fructans. When  
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Figure 1. Haworth projections of fructan molecules. Left projection depicts an inulin-type 
fructan of the GFn type, right projection depicts an inulin-type fructan of the Fn type. 

 

the fructan chain starts with a glucose molecule, this glucose can be 

removed from the chain by hydrolyzing sucrase enzymes, which are 

produced at the tips of the small intestinal epithelial villi [53].  

Based on chain length, inulin-type fructans are usually rather arbitrarily 
divided in subcategories with a relatively small (2 to 4), medium (5 to 10) 
and relatively large chain length (11 to 60 fructose units). Over the course 
of time the nomenclature to describe inulin-type prebiotics has been 
inconsistent. Historically, the term fructooligosaccharides or FOS was used 
for DP 3-5 material derived from sucrose which is thereby only of the GFn 
type [54]. The term oligofructose or OF was used for DP3-10 material 
derived from native inulin which can be of both the GFn and the Fn type 
[55]. Later, FOS and OF were and are more and more used as synonyms to 
describe fructans with a chain length ranging between 2 and 10 subunits 
[56]. To discriminate, the term short chain FOS (sc-FOS) was used by the 
company producing this ingredient (Actilight®, Eridania-Beghin Say, 
Belgium), [57]. Some companies use the term long chain FOS (lc-FOS) or 
OF (lc-OF) for the long chain inulin that is part of a specific 
galactooligosaccharide (GOS)/inulin mixture. The term inulin is often 
applied to inulin-type fructans with chain lengths above 10 subunits,  
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Figure 2. Chain length distribution examples of inulin-type fructans for FOS, FOS-enriched 
inulin, and high average molecular weight inulin. 

 

however, inulin is the generic term describing all β(2,1)-fructans without 

specification of chain length [4,11].  

Here we will apply the term FOS for inulin-type fructans of 2 to 10 

subunits and we will use the term inulin for inulin-type fructans with chain 

lengths above 10 subunits. Chain length is specified where possible to 

render an overview of the properties of these specific compounds. Figure 

2 depicts chain length profiles as an example for a FOS, a FOS-enriched 

inulin and a high average molecular weight inulin. 

 

1.3 The gastrointestinal immune barrier and inulin-type fructans 

Many of the studies addressing immunomodulating effects of inulin-type 

fructans have focused on the Gut Associated Lymphoid Tissue (GALT, 

Figure 3). Constituents of this tissue are the lamina propria, Peyer’s 

patches with follicles containing B and T lymphocytes, isolated lymph 

nodes, mesenteric lymph nodes, and the appendix [58]. Important players 

in this system are follicle associated Microfold cells (M cells), which are 

part of the epithelial layer covering the Peyer’s patches, and are 

specialized in transporting antigens from the lumen to the GALT [59]. 

Dendritic cells (DCs) and intraepithelial lymphocytes (IELs) lie in between 

and just below the epithelial surface. The DCs are capable of sampling and 

sensing the events in the gut lumen and are strong antigen presenting 

cells (APCs) [60]. Lamina propria DCs can respond to antigens which have  
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Figure 3. Gut-associated lymphoid tissue (GALT). Schematic representation of the GALT 
structure; (a) Gut lumen. (b) Lamina propria. (c) Enterocyte lining. (d) Peyer’s patch. (e)  
Microfold cell. (f) Follicle with B and T lymphocytes. (g) Mesenteric lymph node. (h) Lamina 
propria mast cell. (i) Lamina propria lymphocyte. (j) Dendritic cell penetrating enterocyte 
monolayer and sampling gut lumen. (k) Intraepithelial lymphocyte. (l) Lymphoid 
aggregates. (m) High endothelial vessel. N.B. Structural proportions were altered for 
illustrative purposes. 

 

penetrated gut tissue beyond the epithelial barrier and are also strong 

APCs [60]. Depending on the cytokine environment, APCs can determine 

whether the T cells they encounter and present their antigen to, 

differentiate into regulatory T lymphocytes (Tr1 or Th3) or into effector 

(helper) T lymphocytes (Th1, Th2, or Th17) [59]. Antigen presentation can 

occur in the lamina propria or specifically in Peyer’s patches or mesenteric 

lymph nodes [59]. The immunoglobulin (Ig) M+ B lymphocytes in Peyer’s 

patch follicles are plasma-cell precursors that produce IgA. Memory IgA+ B 

lymphocytes are generated in the germinal centers of these follicles 

[59,61,62]. IgA is mainly synthesized in response to T-lymphocyte 

activation and the production is again regulated by the cytokine 

environment. Interleukin (IL)-5, IL-6, and IL-10 stimulate final 

differentiation of B lymphocytes into IgA-secreting plasma cells [63]. IgA is 

the most abundant immunoglobulin in the intestinal mucosa (80-90%) and 

forms the first line of defence against colonization and invasion by 

pathogens, and against damaging toxins [64]. T lymphocyte subtypes can 
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be characterized by the cytokines they produce. Th1 lymphocytes typically 

secrete Interferon (IFN)-γ, IL-2, and Tumor Necrosis Factor (TNF)-β, and 

their main function is phagocyte-mediated defense against viral, bacterial, 

and protozoic infections. Th2 lymphocytes typically secrete IL-4, IL-5, and 

IL-13, and act as allergic response mediators and defenders against 

infections produced by helminths and arthropods [63,65]. Although it is 

becoming clear that the Th1/Th2 model is too simplistic, the Th model has 

still played an important part in developing our understanding of the roles 

and behavior of Th cells and the cytokines they produce during an immune 

response. Therefore, other subtypes to discuss are Th3 cells, Th5 cells, Th9 

cells, Th17 cells, and Th22 cells. Th3 cells produce the cytokine 

Transforming Growth Factor-beta (TGF-β) and IL-10. Both cytokines are 

inhibitory to Th cells; TGF-β suppresses the activity of most of the immune 

system. Th5 cells constitute a subpopulation of Th cells described by 

Kurowska-Stolarska et al. [66]. These cells produce mainly IL-5, but not IL-

4, both of which are characteristic type 2 cytokines produced by Th2 cells. 

Studies by Veldhoen et al. [67] revealed that another Th subset may exist. 

Th9 cells are claimed to be an IL-9 producing T cell subset focused on 

defending helminth infections. These cells have been identified as a 

unique subset of Th cells and constitute a subset of cells known as 

neutrophil-regulatory T-cells. They are CD4(+) T-cells that are defined by 

the production of IL-17. Th17 cells develop from naive T-cells along a 

pathway that is distinct from the differentiation pathways that give rise to 

the Th cell populations known as Th1 cells and Th2 cells [68,69]. Th22 cells 

are IL-22-producing cells which coexpress the chemokine receptor CCR6 

and the skin-homing receptors CCR4 and CCR10. This subset of IL-22-

producing cells is suggested to be important in skin homeostasis and 

pathology [70]. All these different arms of the gastrointestinal immune 

barrier can be modulated either indirectly, i.e. via microbiota or directly 

upon consumption of inulin-type fructans. 

 

1.4 Indirect mechanism of immunomodulation: Bifidobacteria and SCFAs 

The prebiotic effects of inulin-type fructans are often referred to as 

bifidogenic effects. These bifidogenic effects were shown in infants [50,71-

74], adults [75-79], and elderly [57,80,81]. Classically the beneficial effect 

of inulin-type fructans was assumed to be determined by the effects on 

the commensal microbiota that formed a barrier for pathogens to enter 

the host. However, its beneficial effect on commensals probably also has 

an effect on prevention of inflammation in the systemic circulation. The 
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fermentation products of inulin-type fructans are carbondioxide, 

hydrogen, lactate, and SCFAs, including acetate, propionate, and butyrate 

[4]. These products have been studied in relation to beneficial effects and 

have been reported to protect from colonization by pathogens or non-

commensals by acidification of the colonic content [9,51,82]. In addition, 

they are rapidly adsorbed by the human body [83] and exert their effect 

on immune cells by binding to activating G protein-coupled receptors 

(GPR) [84] GPR41 and GPR43  [84-86]. GPR43 is highly expressed in 

polymorphonuclear cells (PMNs, e.g. neutrophils) and at lower levels in 

Peripheral Blood Mononuclear Cells (PBMCs) and purified monocytes. 

GPR41 is similarly expressed in PBMCs but not in PMNs, monocytes and 

DCs  [86]. Both receptors are equally expressed in bone marrow and 

spleen. The possible immunomodulatory functions of SCFAs are 

highlighted by a study in GPR43-/- mice [87]. These mice suffer more from 

inflammation due to lack of GRP43 binding by SCFA, which normally 

results in anti-inflammatory effects [18]. In these mice, production of 

inflammatory mediators and immune cell recruitment are increased. 

These results suggest an immunoregulatory effect for SCFA-mediated 

GPR43 signaling. More studies are required to confirm whether inulin-type 

fructan supplementation and subsequent SCFA production actually affects 

these receptors, but as it has a strong effect on SCFA producing bacteria it 

is very likely a mechanism by which inulin-type fructans exert their 

immunomodulatory effect  [88]. 

 The intraindividual bifidogenic effect can differ in outcome 

depending on the initial level of bifidobacteria, and may also differ 

between individual Bifidobacterium species [9]. Although in general this 

prebiotic effect is present [73,75,76,79,89] there are inconsistencies in 

prebiotic properties of inulin-type fructans throughout literature [4]. 

These should probably be explained by differences in the applied type i.e. 

chain length of fructan, the dose, the study population, the duration of 

supplementation, and the time intervals for microbiological analysis 

[4,71,73,76,79]. The digestible mono-, and dimers of fructose or glucose 

which are present in most prebiotics may also influence the bacterial 

composition upon supplementation. Minor data are available on possible 

differences in effects of chain length of inulin-type fructans on prebiotic 

effects, besides the fact that short chain fructans are fermented by more 

Bifidobacterium species compared to long chain fructans [90].  
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1.5 Direct mechanisms of immunomodulation: ligation of Pattern 

Recognition Receptors 

To be able to distinguish the good from the bad, the gut immune system is 

equipped with pattern recognition receptors (PRRs). These PRRs recognize 

molecular structures that are highly conserved and broadly shared by 

pathogens, known as pathogen-associated molecular patterns (PAMPs) 

[91]. PRRs include the well-known Toll-like receptors (TLRs), membrane-

bound C-type lectin receptors (CLRs), cytosolic proteins such as NOD-like 

receptors (NLRs) and RIG-I-like receptors (RLRs), and still to be discovered 

PRRs that mediate sensing of cytosolic DNA or retrovirus infection [92-94]. 

Upon PAMP recognition, PRRs initiate signaling processes that may lead to 

cytokine release, inflammation, and clearance of the pathogen as a final 

goal. 

Possible direct effects of inulin-type fructans are thought to entail 

ligation of PRRs on the surface of gut DCs which continuously sample the 

gut content and are strong APCs [60]. Potential receptors involved are 

TLRs [95]. TLRs are involved in epithelial cell proliferation, secretion of IgA 

into the gut lumen and expression of antimicrobial peptides, which are 

crucial factors for maintaining a healthy epithelial barrier [96,97]. They are 

typically known to possess carbohydrate binding properties and upon 

ligation will instigate several immune responses. For the same reasons, 

CLRs, NLRs, and galectins are also potentially involved in inulin-type 

fructan signaling [95]. Besides DCs, many cell types express TLRs, including 

epithelial cells [96]. It is conceivable that as polysaccharides, inulin-type 

fructans could ligate TLRs on the gut epithelial cells and thereby modulate 

barrier function by promoting tight junction stability, similar to the 

mechanism reported by Karczewski et al. [98]. In addition, the activation 

of epithelial TLRs could alter their interactions with or signals towards 

surrounding immune cells such as DCs or IELs [16]. Finally, inulin-type 

fructans may possess the capacity of interacting with cell membrane lipids 

or even inserting in the membrane [99]. Vereyken et al. [100-102] found 

that there was a chain length-dependent interaction of inulin with lipids, 

and that inulin-type fructans can actually interact with or even insert into 

membrane lipid bilayers [100-102]. This could have a consequence for 

stimulating events; if insertion renders the membrane more fluid and 

more dynamic this may facilitate or enhance receptor clustering and 

subsequent signal transduction.  

Notably, this may be more or only relevant for sites where the 

mucus layer is relatively thin i.e. the small bowel [103], so fructans can 
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reach the cells relatively easily as compared to the large bowel, where the 

mucus layer is considerably thicker. It should be noted that most 

hypotheses on direct ligation of inulin-type fructans or their direct contact 

with epithelial structures remain to be investigated and are at this point 

still only speculative. 

 

1.6 Experimental evidence for immunomodulation 

Many supplementation studies with inulin-type fructans were performed 

in healthy experimental animal models. Some studies apply inulin-type 

fructans only in a synbiotic treatment, i.e. in combination with a probiotic, 

limiting the possibility to evaluate the actual fructan effects. The features 

reported most frequently in healthy experimental animals are increased 

IgA secretion in serum and fecal samples, and increased IL-10 and IFN-γ 

production in two specific structures of the GALT; the mesenteric lymph 

nodes and the Peyer’s patches [104-107] (Table 1). Inconsistency in results 

are present for IgA in ileum, serum, and feces [104-106,108,109]. The IgA 

production was increased or not affected [104-106,108,109], the number 

of lymphocytes in the blood was increased or unaltered 

[64,106,107,110,111], and the number of lymphocytes or subsets in the 

spleen and thymus were increased or unaltered [51,64,72,112]. In a single 

study in sea bream, inulin-type fructan supplementation significantly 

inhibited phagocytosis and respiratory burst in lymphocytes [113]. 

However, in a study in salmon, supplementation with 7,5% inulin did not 

protect against soybean meal-induced colitis [114]. Evidence for 

immunomodulation on a genetic level was reported by Yasuda et al. [115] 

in a 7 week supplementation study in pigs. Inulin-type fructans were 

added to the basal corn and soybean meal, which significantly decreased 

the expression of inflammation related genes, especially in lower gut 

mucosa. These different reports might be attributed to differences in the 

administered type of fructan (-mixtures) and other differences in 

experimental set up such as animal species or feeding protocol [116]. 

More and better designed studies in healthy experimental animals and 

humans are required to determine the specific immunomodulating effects 

of different inulin-type fructans. Although inulin-type fructan 

supplementation studies in healthy adult humans have been performed, 

immunological parameters were unfortunately often not measured. 

Immunological effects of inulin-type fructans have been studied in infants 

and elderly, but taking into account their immune status, these groups are 

to be categorized as immunocompromised, because the microbiota and  
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immune system of infants is not fully developed and the microbiota 

composition and immune function decreases qualitatively with age [117]. 

The only conclusions we can draw from the current supplementation 

studies in healthy human adults, studies in healthy experimental animals, 

as well as studies in infants and elderly, is that inulin-type fructan 

supplementation in healthy human adults will generally result in increased 

bifidobacteria numbers in the gut [75-79], increased levels of fecal sIgA 

[104-106], increased levels of IL-10 and IFN-γ in Peyer’s patches [104-107] 

and increased activity of different immune cells in the spleen  

[39,64,107,108,118], as these are the parameters which are most often 

reported to have been changed upon supplementation. The evidence for 

immunomodulation on a systemic level may be somewhat less strong than 

locally in the gut, however, the local cytokine levels in the gut may have 

more impact on an immune parameter such as prevention of infections, 

since the gut is the largest organ of the human body to be in such close 

contact with the outside world.  

In the following sections the effects of inulin-type fructans on 

immune structures are reviewed in the context of the different disease 

models which have been studied up to now.  

 

1.7 Cancer and cancer animal models 

Two studies using experimental animal cancer models focused on immune 

parameters involved in anti-tumorigenic reactions. In a study by Roller et 

al. [119], the effects of probiotic Lactobacillus LGG and Bifidobacterium 

lactis Bb12, and FOS (“Raftilose,” chain length range 2-10, average 4, 100 

g/kg of diet) synbiotic treatment on the immune system of rats were 

investigated in an azoxymethane (AOM)-induced colon cancer model. 

Synbiotic supplementation significantly restored Natural Killer cell-like 

cytotoxicity (p<0.01) and suppressed proliferative responsiveness of 

lymphocytes in Peyer’s patches of AOM-treated rats. It should be noted 

that no normal diet or placebo diet group was included in this study and 

that this alteration of responsiveness may be related to the background of 

the high fat diet. FOS supplementation significantly stimulated IL-10 

production in Peyer’s patches and mesenteric lymph nodes of rats not 

treated with AOM (p<0.05). In pro- and synbiotic groups, IFN-γ production 

in Peyer’s patches was significantly decreased independent of AOM 

treatment (p<0.05). A study by Forest et al. [29] showed that short chain 

fructans (chain length range DP 1-4, mostly DP 3) reduced colon tumor 

incidence in intestinal neoplasia prone “adenomatous polyposis coli  
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/multiple intestinal neoplasia” (Apc+/Min) mice via a functional local 

immune response. Apc is a tumor suppressor gene involved in 

development of colorectal cancer [120]. In the colons of Apc+/Min mice, 

FOS treatment restored large intestine-intraepithelial lymphocytes (LI-

IELs) surface expression of anti-tumorigenic IL-15/IL-15Rα. In addition, FOS 

specifically induced a decrease in the proportion of CD4+ CD25+ LI-IELs 

which are considered to be tumor facilitating cells [29]. Publications on 

fiber supplementation in human cancer patients are rare, and mostly 

discuss FOS, inulin, or FOS-enriched inulin in synbiotic mixtures using  

Lactobacillus LGG and Bifidobacterium lactis Bb12 [30,121]; or 

Lactobacillus acidophilus La5, Lactobacillus bulgaricus, Bifidobacterium 

lactis Bb12, and Streptococcus thermophilus [121]. These studies 

demonstrated that supplementation induced secretion of IL-2 and IFN-γ 

by PBMCs and decreased bacterial translocation [30,31,121]. Results for 

immunological parameters in experimental animal cancer models and in 

human colon cancer patients upon inulin-type fructan supplementation 

are summarized in Table 2. Studies regarding tumor growth and outcome 

of disease upon supplementation with inulin-type fructans have 

demonstrated anti-carcinogenic properties in multiple experimental 

animal models [122-124] and cell lines [125,126]. As previously reviewed 

by Taper et al. [127] dietary treatment with inulin and/or FOS 

incorporated in the basal diet for experimental animals: (i) reduced the 

incidence of mammary tumors induced in Sprague-Dawley rats by 

methylnitrosourea; (ii) inhibited the growth of transplantable malignant 

tumors in mice; (iii) decreased the incidence of lung metastases of a 

malignant tumor implanted intramuscularly in mice. Moreover, dietary 

treatment with inulin and/or FOS (iv) significantly potentiated the effects 

of cytotoxic drugs and potentiated the effects of radiotherapy on solid 

form of transplantable lymphoid tumor. Especially the fermentation 

products of FOS-enriched inulin (“Synergy1”) i.e. SCFA and deoxycholic 

acid appear to limit tumor growth [128]. The most consistent findings 

were reductions in aberrant crypt foci, tumor incidence and metastasis in 

models which make use of chemically induced pre-neoplastic lesions or 

tumors in the colon of rats and mice [129-135]. Only one (preliminary) 

study in patients with colorectal adenomas was performed so far. This 

study was an open multicenter study on the effects of FOS. No beneficial 

effect was found on proliferation at the rectal crypts [136]. However, from 

experimental use of human ex vivo cells, significant anti-carcinogenic 

effects were reported [137-141]. Moreover, when applied in a synbiotic  
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protocol, inulin has already shown beneficial effects on inhibition of 

carcinogenic processes [142].  

The prescription of inulin-type fructans to colon/colorectal cancer 

patients should be applied with some caution, as there are reports that 

under certain circumstances, inulin-type fructans can actually enhance 

proliferation of adenomas [142-144]. It should be noted that these reports 

involve mice studies and results so far do not show these effects in human 

colon cancer. The mechanisms behind these effects are not clear and 

require further investigation. The production and balance of anti-

inflammatory and pro-inflammatory/anti-tumorigenic cytokines such as IL-

10 and IL-12 respectively may play a role in these observations because 

anti-inflammatory cytokines could confer an inhibitory effect on the anti-

tumorigenic properties of proinflammatory cytokines. On the other hand, 

inulin-type fructan supplementation has shown promising anti-

tumorigenic properties [29,107] and further investigation into the 

underlying mechanisms of these processes, which may involve 

immunomodulation, is warranted.   

 

1.8 Intestinal inflammation in patients and animal models  

Inflammatory Bowel Disease (IBD) is a group of inflammatory conditions of 

the GI tract. IBD is thought to be caused by a combination of genetic, 

environmental, and immunological factors [145]. The current paradigm is 

that these diseases result from a lack of tolerance to resident intestinal 

bacteria in genetically susceptible hosts [146-150]. The major types of IBD 

are Crohn’s Disease (CD) and Ulcerative Colitis (UC) [151]. CD and UC 

share similar symptoms but also differ in substantial features. CD can 

occur along the entire GI tract, whereas UC specifically affects the large 

intestine or colon. Another difference is that UC occurs more superficially 

in the gut lining while CD can also affect deeper layers of the intestine, 

and surrounding tissue. Another affliction of the intestine is Irritable 

Bowel Syndrome (IBS); a functional bowel disorder characterized by 

chronic abdominal pain, discomfort, bloating, and alteration of bowel 

habits in the absence of any detectable organic cause [152]. Evidence is 

slowly increasing that inulin-type fructan supplements exert beneficial 

effects on both bowel movements [80,153-155] as well as on GI immune 

parameters [33,156]. Supplementation studies have been performed in 

several animal colitis models as well as in patients with IBD or IBS (Table 3 

and 4). Leenen and Dieleman [157] recently reviewed the effects of pre- 

and synbiotics on IBD/IBS. Few studies using prebiotics alone have been 
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performed so far, however results look promising with regard to 

therapeutic use in treatment of IBD/IBS. FOS-enriched inulin 

supplementation lowered disease activity scores [33], fecal calprotectin (a 

gut inflammation marker) [34], and inulin supplementation lowered 

pouchitis disease index [158]. Sigmoidoscopy scores (i.e. inflammation 

scores of endoscopy of the distal colon) were reduced, and endoscopically 

and histologically verified reductions in inflammation of the mucosa of the 

ileal reservoir were observed [33,34]. mRNA levels of beta defensins 2, 3, 

and 4 (i.e. antimicrobial proteins) were significantly reduced by treatment 

while these markers are normally upregulated in active UC [159]. When 

applied in synbiotic set up, increased amounts of bifidobacteria in rectal 

mucosa were reported, and significant reductions in the expression of 

molecules that control inflammation in active UC [159]. TNFα, and IL-1a 

mRNA levels in mucosal tissue were significantly reduced (p=0.0175 and 

p=0.0379) but also, a significant increase in IL-10 positive CD11c+ DCs and 

expression of TLR2 and TLR4 was reported [33]. Beneficial effects in UC 

patients have been reported [158-160] as supplementation resulted in 

improvement of the full clinical appearance of chronic inflammation in 

patients receiving this therapy. In addition to reduction of intestinal 

inflammation, regeneration of epithelial tissue was observed. To our 

knowledge no trials have been conducted as yet to determine whether 

chronic supplementation with inulin-type fructans might ameliorate 

disease progression, prevent disease recurrence, or sustain periods of 

clinical remission. Currently available data was gathered in trials aimed at 

investigating the immediate effects [158-160], but it may be worthwhile in 

future studies to include longer trial periods.  

Regarding IBD, studies on treatment of chronic intestinal 

inflammation using inulin-type fructans have shown major benefits in 

experimental animal models of colitis [35,36,161-169] (Table 3). Several 

types of experimental animal models exist to mimic IBD; dextran sodium 

sulfate (DSS)-induced colitis [35,163,168,170], trinitrobenzene sulphonic 

acid (TNBS)-induced colitis [36,164,167,171], and an HLA-B27 transgenic 

colitis model [165,166] were studied in relation to inulin-type prebiotics. 

In most of these experimental animal models, supplementation rendered 

statistically significant beneficial effects by reduction of mucosal damage 

and reduced release of inflammatory mediators such as IL-1β 

[35,166,167], inducible nitric oxide synthase [167], myeloperoxidase 

activity [164,169,172] cyclooxygenase 2, and mucin 3 [167]. In conclusion, 

inulin-type fructans are promising agents to modulate the immune 
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parameters involved in colitis. Underlying mechanisms of these effects are 

however still unclear and warrant more studies on the effects of inulin-

type fructans in experimental animal colitis models. Moreover, in IBD 

patients, long term intervention studies and follow up are required to 

determine whether inulin-type fructans might have long term beneficial 

effects in treatment of these diseases. 

IBS is a common disorder of the GI tract and there is increasing 

evidence to support the role for immune activation in IBS [173-177]. In a 

number of patients the onset is triggered by acute gastroenteritis [178-

181]. Evidence of sustained immune activation has been found in these 

cases [182]. However, low-grade immune activation without previous 

acute gastroenteritis can also induce IBS symptoms [183,184]. The 

immune parameters most often increased in IBS, are IL-6 and IL-8 levels 

[185,186] and baseline and lipopolysaccharide (LPS) induced TNF-α, IL-1β 

and IL-6 levels in IBS patients PBMCs [187]. In experimental IBS rat 

models, increased TLR expression was found in the colonic mucosa of 

these animals [188,189]. These altered TLR responses may play a 

significant role in the enhanced immune activity in IBS [190]. The 

increased risk of developing IBS following gastroenteritis and the co-

existence of a disturbed composition of the microbiota, elevated luminal 

gas production and immune activation, indicate that the gastrointestinal 

microbiota may be a therapeutic target in IBS. There are no recent clinical 

trials aimed at studying possible immunological benefits of inulin-type 

fructans in IBS, although previous prebiotic studies indicate potential 

health benefit at lower doses, i.e. an intake of 3.5-5g/day [191]. In the 

studies of Hunter et al., and  Astegiano et al. [173,174], only FOS was 

applied so possible chain length effects have yet to be evaluated. Two 

other studies incorporated inulin-type fructans in a synbiotic mixtures 

(FOS “Actilight” and Bifidobacterium longum W11) / (IBS Active; inulin 

with Lactobacillus sporogenes, Lactobacillus acidophilus, Streptococcus 

thermophilus and other additives) [192,193]. In these synbiotic 

combinations with inulin, significant reduction in IBS pain symptoms, 

abdominal distension, and regulation of bowel movement occurred. 

Moreover,  increased stool frequency, reduced abdominal pain and 

reduced bloating were reported. Olesen et al. [194] reported no beneficial 

effects in a study with IBS patients who were given chicory derived FOS. 

Concluding from these results, FOS is a promising agent in IBS therapies 

when combined with the appropriate probiotics and other cofactors. 

Future IBS studies including inulin-type fructan supplementation should 
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include measurements of the immune parameters mentioned above to 

evaluate whether based on immunology, inulin-type fructans can provide 

therapeutic options. 

 

1.9 Systemic immune benefits of inulin type fructan supplementation  

There are several clear physiological links between symptoms of 

rheumatoid arthritis (RA) and IBD, such as a shared inflammatory cytokine 

expression pattern and the success of several therapies in both diseases 

[163,191,195-197]. This may indicate that where inulin-type fructans 

might alleviate IBD symptoms, RA patients may equally benefit from such 

supplementation. Experimental data on the benefits of inulin-type 

fructans in RA are scarce but studies in an HLA-B27 rat models 

demonstrated reduced severity of colitis as well as reduced severity of 

arthritis [165,166]. After inulin-type fructan supplementation a significant 

reduction in inflammatory scores and pro-inflammatory cytokines was 

observed [166,191]. In adjuvant-induced arthritis in Wistar rats, and type II 

collagen-induced arthritis in DBA⁄1 J mice, α-GOS supplementation 

decreased erythema and swelling of limbs, and reduced the 

histopathological findings in the hind paw joints [198]. In conclusion, 

supplementation with inulin-type fructans and similar prebiotics such as α-

GOS as mentioned above, seem to be a promising therapeutic strategy to 

reduce disease symptoms in experimental animal colitis models and may 

prove useful in human inflammatory diseases such as IBD, IBS and RA 

(Table 3 and 4) [165,166,197]. However, more experimental animal 

studies are first required to confirm these beneficial effects and their 

underlying physiological mechanisms [197]. 
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1.10 Allergy, infection, and immunization  

The effects of inulin-type fructans on allergies and immunization have 

been studied extensively in experimental animal models, mostly in 

combination with GOS administration, but protocols without GOS already 

show substantial immunological effects, which are summarized in Table 5. 

Many studies have been performed in pigs, where supplementation with 

inulin-type fructans mostly shows significant protective effects in infection 

models [199-203]. In one study by Milo et al. supplementation of piglets 

with 1% of inulin for 1 week did not affect immune parameters or 

infection symptoms upon inoculation with Salmonella typhimurium. In a 

study in dogs, inoculated with Salmonella typhimurium DT104, a 14 day 

supplementation with inulin or FOS (1%) improved food intake and 

enterocyte sloughing and attenuated fever [32]. Manhart et al. reported 

that a 16 day supplementation trial with 10% FOS induced an increased 

CD4+/CD8+ ratio in an experimental mouse model for LPS-induced 

endotoxemia [204]. Inulin-type fructans have been administered to infants 

and children because of their potential to modulate the intestinal 

microbiota and to benefit the development of an adequate innate and 

adaptive immune response (Table 6). In healthy infants, the most obvious 

effect upon supplementation was increased levels of IgA in fecal samples, 

which can protect against pathogens in the gut lumen 

[45,74,156,205,206]. Saavedra et al. [42] demonstrated an increase in 

blood IgG levels after measles vaccination in a 10 week supplementation 

study with OF/inulin (7/3, 0,2 g/kg BW/d) in 7-9 months old infants. 

However in a study by Duggan et al. [43] in which 6-12 month old infants 

were supplemented with OF (0.7g/d), no effect was observed on antibody 

response after vaccination with H. influenza type B vaccine. Results from 

these studies may be related to the specific pathogen, or the type of 

fructans used in the vaccine but further studies are required to investigate 

these differences.  

In both experimental animal studies and human studies, the use 

of inulin-type fructans has demonstrated beneficial effects on Th1 as well 

as on Th2 responses upon vaccination or sensitization protocols. Th1 cells 

normally drive the cellular immunity pathway to fight viruses and other 

intracellular pathogens, eliminate cancerous cells, and stimulate delayed-

type hypersensitivity (DTH) skin reactions [48]. Th2 cells drive the humoral 

immunity pathway and up-regulate antibody production to fight 

extracellular organisms. In a study by Vos et al. [38] supplementation of 

mice which were vaccinated with influenza virus, a 9:1 mixture of  
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GOS/FOS enhanced DTH responses dose-dependently, but a mixture of 

FOS/inulin did not. 

Fujitani et al. [49] describe anti-allergic effects of FOS in Nc/jic 

mice upon supplementation with 5% FOS. Schouten et al. [44] 

demonstrated that a mixture of GOS/FOS inhibited sensitization to orally 

supplemented whey in mice, but this was only effective when used in 

synbiotic combination with Bifidobacterium breve. Inulin-type fructans 

appear to modulate both reactions; stimulating the adaptive immune 

response in a Th1-direction upon vaccination or sensitization, inhibiting 

infections [38] or Th-2 related immune disorders such as allergies 

[37,44,49,207]. In these experimental animal studies, inulin-type fructan 

effectiveness was most pronounced when used in combination with either 

GOS or Bifidobacterium breve. On the other hand they can induce 

increased antibody production (IgA) as part of a Th2 response, increasing 

clearance of luminal pathogens and reducing the chance of pathogen 

tissue entry.  

Evidence for prevention of allergy incidence or atopic symptoms in 

infants was reported by Moro et al. [208], and Arslanoglu et al. [46,47] but 

in these studies inulin-type fructans were only supplemented in 

combination with GOS. In a study by Raes et al. [206] in which infants 

received breast milk, formula, or formula supplemented with GOS/FOS, no 

clear differences were observed in the investigated immune parameters, 

but a trend was observed that GOS/FOS supplementation tended to 

increase blood IgG levels. 

In conclusion, reduction of incidence of allergic symptoms or 

protective effects on development of allergy upon supplementation with 

inulin-type fructans have been shown in infants [45,74,156,205,206]. For 

elderly, promising results have been shown for supporting immune 

function, including protection against respiratory infections [209-213] 

(Table 6). Other groups of patients which may benefit from inulin-type 

fructan supplementation by means of Th-1/Th-2 modulation are pregnant 

women [214], or burn patients [215] but the small number of 

supplementation studies performed with these groups show no beneficial 

effects as yet. In a study in adult male smokers and non-smokers, 4 out of 

23 immunological parameters were changed upon supplementation [216]. 

However, in the experimental set up of this study, inulin was incorporated 

in prebiotic bread, which also contained linseed and soy fiber, so observed 

effects cannot solely be attributed to inulin intake. More studies in healthy  
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human subjects are required to assess the immunomodulatory potential 

of inulin-type fructans in healthy conditions.  

 

1.11 Possible explanations for the inconsistencies  

Some of the inconsistencies in the studies focusing on the 

immunomodulating effects of inulin-type fructans are caused by pertinent 

differences in study design and the application of different types of inulin-

type fructans. In many studies the type of fructan has not been clearly 

documented. In part this can be explained by the inconsistent use of 

nomenclature regarding chain length. The chain length should always be 

included as it has been shown that chain length is a determining factor for 

the beneficial effects [11,131,133,138]. The mechanisms behind this might 

be that specifically long chain fructans bind to typical receptors in the 

membrane and cluster them into membrane microdomains [99] or 

influence other membrane lipid dynamics [100-102] whereas the shorter 

chain fructans may lack these properties and exert their effects via 

different routes. These findings suggest that the chain length of fructans 

influences the efficacy in modulating immune functions and warrant 

further investigation [11]. 

 Many of the studies mentioned in this literature overview report 

altered cytokine levels upon supplementation with inulin-type fructans. 

Nowadays a lot is known about the effects that cytokines or chemokines 

have on humans. The connection between inulin ingestion, the production 

of cytokines or chemokines, and the observed downstream health effects 

is gradually becoming clearer. On a chemical and cellular level inulin-type 

fructans can exert several effects and most pronounced effects are 

observed in the GALT. Several studies report modulation of IgG 

[39,105,111,138,206], and IgA [39,49,106,169,217] levels in serum and/or 

feces, changes in cytokine expression, mainly IFN-γ [39,105,107,119,121], 

IL-4 [64,218], IL-10 [105,107,119,218,219] and, IL-12 [39], and altered 

activity of spleen NK cells [110,119,140]. IFN-γ and IL-12 are factors 

responsible for Th1 differentiation, whereas IL-4 promotes Th2 

subpopulations [48,62]. Regulatory T lymphocytes (Treg) are expanded in 

response to IL-10 and IL-10 skews the Th1/Th2 balance to Th2 in vivo by 

selectively blocking IL-12 synthesis by the antigen-presenting cells such as 

DCs [62,191]. In addition, IL-4 induces IgA synthesis by follicular B 

lymphocytes in the Peyer’s patches [61]. These B lymphocytes, plasma-cell 

precursors, will migrate, maturate, and undergo clonal expansion, and 

finally migrate to the intestinal lamina propria, where they finalize their 
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maturation into IgA-secreting cells [63]. A great variety of factors can 

influence this migration, including the cytokines [65] induced by the inulin-

type fructans. From this expression pattern of cytokines it appears that 

several types of T cell responses are induced by inulin-type fructans. 

Because of this complex interplay, and depending on the experimental set 

up, different outcomes may be observed. 

 

1.12 Future studies with inulin-type fructans 

There are many biomarkers to quantify immunomodulation in human 

nutrition intervention studies, but the repercussions of variations in these 

markers are still unclear, especially in healthy subjects. A review by Albers 

et al. [25] discusses the suitability of a large panel of biomarkers for the 

evaluation of nutritional intervention. However, the choice of immune 

markers needs to be correlated with the particular condition that is being 

assessed, the relevant clinical end-points, and whether any immune 

markers are differentially expressed in disease and control populations 

[197]. Concluding from the current literature overview, recommended 

biomarkers, typically suitable for inulin-type fructan supplementation 

studies are IgG and IgA levels in serum and feces, cytokine expression 

patterns in the GALT, and NK cell activity in the spleen. Measurements of 

these markers may be affected by age and gender, and they might vary 

because of other external confounding factors such as stress, smoking, 

and alcohol intake [197]. This necessitates careful selection of the control 

subjects [197]. Patient populations which are likely to benefit from inulin-

type fructan supplementation include allergic individuals, IBD patients, RA 

patients and likely also patients suffering from other chronic inflammatory 

afflictions. Well designed, randomized placebo controlled trials are useful 

to evaluate possible benefit these patient groups may derive from inulin-

type prebiotic supplementation. 

The physiological effects of ingested inulin-type fructans are likely 

the combined effects of circumstances including an altered gut 

microbiota, the presence of produced fermentation products in the gut, 

and direct effects on gut epithelium and GALT, which complicates the 

analysis of the induced health effects. To investigate the direct effects, 

germ free experimental animal models or finely designed SPF 

experimental animal models and in vitro assays with suitable cell lines may 

shed more light on the induced physiological processes. Specific molecular 

or cellular effects which are reported repeatedly throughout literature are 
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important to consider in unraveling the mechanisms behind the observed 

health benefits and can form a basis for further explorative research. It 

appears that ingestion of inulin-type fructans affects a spectrum of 

immune reactions in the body including Th1 [30,39,119,121] Th2 [64,118], 

anti-inflammatory reactions [105,107,118,119,211], B cell activity 

[36,45,111,118,220] and NK cell activity [86,110,211]. Depending on the 

research question, in vitro studies may provide useful information about 

the typical processes which are induced upon ingestion. In vitro studies 

into the signaling capacity of inulin-type fructans could entail the use of 

NK cell activity reporter assays. Another signaling target could be B cell 

activation; Peyer’s patch DCs are able to induce B cell maturation and IgA 

production under influence of intestinal bacteria, via Peyer’s patch DC 

derived cytokines such as B-cell activating factor (BAFF) and A 

Proliferation-Inducing Ligand (APRIL) [221,222]. It is possible that inulin-

type fructans exert the same effect. Another possibility of promoted IgA 

production under influence of inulin-type fructans could be due to the 

traditional activation of T cells in the Peyer’s patch follicles by DCs which 

have sampled the intestinal lumen and have encountered inulin 

molecules, followed by T helper cell-mediated B cell maturation and IgA 

production. Finally, it would be interesting to see whether direct ligation 

of B cell TLRs [221,223,224] by inulin-type fructans could result in IgA 

production. Regarding the altered cytokine levels in inulin-type fructan 

supplementation studies, it would be interesting to investigate which 

immune cell types are capable of recognizing inulin-type fructans and of 

mounting a subsequent cytokine response. This may be a wide range of 

cell types because many cell types express TLRs and CLRs. From there, 

results can be translated to the relevant populations which may actually 

come in contact with fructan molecules after their ingestion. Moreover, 

the capacity of APCs to report the presence of inulin-type fructans or parts 

of the molecules to effector cells is still an uncharted area of research 

which deserves further exploration.  

 

1.13 Dietary fibers and intestinal barrier function 

By metadata analysis of dietary fiber studies in relation to health risks, it 

has now been generally established that dietary fiber intake is associated 

with a reduced incidence of disease [225-228] and disease-related 

mortality [229-232]. One of the suggested mechanisms by which disease is 

prevented is through the protection of the intestinal epithelial barrier 

[233]. By maintaining a proper barrier function, the luminal contents 
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remain compartmentalized, and a state of tolerance is acquired. This 

physical barrier of epithelium is organized by focal contact points between 

the cells, known as tight junctions.  

Current literature reports demonstrate that many pathologies are 

in fact linked to an impaired intestinal barrier function [234]. This state of 

intestinal hyperpermeability, also known as leaky gut syndrome [235], 

leads to increased translocation of bacteria, endotoxins and other 

macromolecules, triggering aberrant local or peripheral immune reactions 

[236-239]. Intestinal hyperpermeability has been associated with the 

etiology and pathogenesis of atopic eczema [240,241], asthma [242,243], 

inflammatory bowel disease [244,245], diabetes [246-248], obesity 

[236,249], celiac disease [250-252], and diarrhea-predominant irritable 

bowel syndrome [253,254]. In addition, increased gut permeability is also 

implicated in several neurological disorders including schizophrenia [255], 

autism spectrum disorders [256], depression [256], and anxiety [256], 

suggesting that the compounds leaking through the intestinal wall can 

cause detrimental effects in organs as far removed and well-protected as 

the brain. 

Two prebiotic effects of dietary fibers are suggested to play a role 

in protection against these events, i.e. the stimulation of lactic acid 

producing bacteria, and the related increase in SCFA as fermentation 

products. For typical substrains such as L. rhamnosus GG [257,258], B. 

infantis [259], L. plantarum [98,260], and L. casei [261], it has already been 

shown that the presence of these bacteria in the gut optimizes the barrier 

function of the epithelium as indicated by improved tight junction protein 

content, reduction in permeability to chemicals, and reduced 

translocation of bacteria. Of SCFA, mainly butyrate [18,262,263], is 

capable of strengthening the epithelial barrier. Of the direct interaction of 

dietary fibers with epithelial cells and protection of their barrier function 

no information is available yet, to the best of our knowledge.  

 

1.14 Chicory root pulp as valuable source of dietary fibers 

Besides a healthy lifestyle, sustainability is in this day and age a goal which 

both the food industry and consumers are interested in. After extraction 

of the inulin-type fructans from chicory, the root pulp is left over as 

byproduct. Usually this root pulp is applied as a livestock feed [264,265]. 

However, as the importance of a high fiber diet for a healthy lifestyle is 

becoming more evident, this byproduct could actually be a valuable 
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source of dietary fibers for application in functional foods. To assess the 

potential effects of chicory root pulp, the studies described in this thesis 

were focused on creating a technology platform to test the beneficial 

properties and structure-response relationships of chicory root pulp fibers 

on the immune system and intestinal epithelial cells. Inulin-type fructans 

from chicory were used as model fibers to set up this platform to test 

fibers in primary cells and cell line models, and finally to test the 

application in human studies. Chicory root pulp (CRP) obtained after the 

extraction of inulin is rich in cell wall polysaccharides (CWP), and two 

major components of this chicory root pulp are cellulose [266]  and pectin 

[267,268]. These two fiber types were analyzed for their 

immunomodulatory effects as well. In addition, the impact on barrier 

function of intestinal epithelial cells was tested. Finally, inulin-type 

fructans were evaluated for their in vivo immunomodulatory effects in a 

human supplementation study involving the analysis of hepatitis B 

vaccination efficacy combined with the analysis of peripheral blood 

lymphocyte subsets. This experimental set up is an integral part of the 

technology platform, and may serve as a backbone to study 

immunemodulation by dietary fibers in future human supplementation 

trials. 

 

1.15 General aim of the studies in this thesis 

As the importance of a healthy diet is gaining ground with the public, and 

since the field of nutritional immunology is expanding rapidly within the 

scientific world, studies into the immunological effects of dietary fibers 

are warranted, so that optimal use can be made of these naturally 

occurring plant products. With the identification of structure-response 

relationships, an additional advantage of these studies is that this 

knowledge can be used to make tailored functional food products with 

well-characterized effects. Based on the discussed immunological effects 

of dietary fibers we propose that the soluble and insoluble fibers from 

chicory root can be valuable nutritional compounds for improving and / or 

maintaining intestinal and systemic health by their beneficial effects on 

immune cells, as well as on the intestinal epithelial barrier function. 
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DESIGN AND RATIONALE 
 

As outlined in the preceding sections health effects of dietary fiber are 

well recognized but the mechanisms by which they accomplish health 

effects are not completely understood. Also the structure -response 

relationships for fibers are not well characterized so far. Inulin-type 

fructans were used as model fibers followed by analysis of the major 

chicory root pulp components cellulose and pectins. 

 In Chapter 2 we tested whether inulin-type fructans can exert 

direct signaling when in contact with immune cells, and if the pattern 

recognition receptors TLRs and NODs are involved. Moreover, the specific 

chain length-dependency of the responses was characterized. 

In Chapter 3 we investigated whether inulin-type fructans exert 

promoting or protective effects on the barrier function of human 

intestinal epithelial cells. Barrier function was disrupted with the agent 

phorbol 12-myristate 13-acetate (PMA). The dynamics of this process 

were studied with regard to timing of fiber incubation, and fructan chain 

length effects. As inulin-type fructans have recently been identified as TLR 

ligands [269] (Chapter 2), and TLR2 is highly important in intestinal barrier 

regulation [270], the other aim of this study was to investigate whether 

receptor interactions with TLR2 on the epithelial surface are involved in 

inulin-type fructan mediated barrier modulation. 

In Chapter 4 the immunomodulatory capacity of the chicory root 

pulp component cellulose was tested. This was done using human 

peripheral blood mononuclear cells. The transcriptome of the cells was 

studied by gene chip array. Also barrier function measurements were 

performed with human intestinal epithelial cells using PMA as damaging 

agent. 

In Chapter 5 another major component of chicory root pulp, 

pectin, was studied for its immunogenic and barrier protective effects. In 

addition, the structure-response properties of pectins were studied using 

pectins with different degrees of methyl esterification. These pectins were 

tested for TLR activating properties, and for barrier function effects on 

human intestinal epithelial cells.  

In Chapter 6 we describe the results of a human supplementation 

study with different inulin-type fructan supplements. This study was 

performed with short chain-enriched inulin-type fructans, long chain-
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enriched inulin-type fructans, and fructose as placebo supplement. In this 

study, the effects of fructan supplementation on hepatitis B vaccination 

efficacy, as well as on peripheral blood lymphocyte subsets was analyzed. 

In conclusion, the results of this thesis are summarized and discussed in 

Chapter 7. 
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