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Chapterr 1 
Generall Introduction 

Thee mammalian immune system harbours a wide array of cells and soluble factors that 
aree required for optimal protection against the diverse types of pathogens that invade 
thee body on a daily basis. The invasion of pathogen evokes a cascade of 
immunologicall  events, comprising the sequential activation of innate and adaptive 
immunity.. Innate immunity predominantly relies on the activity of phagocytic cells 
andd natural killer cells and various soluble factors, such as complement and 
interferons.. The cells of the innate immune system are activated by pathogens or their 
componentss via a limited number of rather non-specific receptors, pattern recognition 
receptorss (PRR), recognizing pathogen-associated patterns (PAMP). They respond by 
enhancedd intracellular killing of pathogens or by producing soluble mediators that 
activatee or lyse infected cells. At the same time selected innate immune cells, dendritic 
cellss (DC) alarm cells of the adaptive immune system. The function of the adaptive 
immunee system is to attack those pathogens that may have survived innate immunity. 
Thee response is based on the activation of T and B lymphocytes that specifically 
recognizee pathogen-specific protein structures. T cells are mainly active as helper and 
cytotoxicc cells against infected host cells and B cells are active against extracellular 
pathogenss by producing antibodies. In addition, induction of tolerance to self antigens 
playss an important role in the maintenance of homeostasis. DC thus form a bridge 
betweenn the innate and adaptive immune system [1]. They are of major significance 
forr the detection of pathogens and the subsequent induction and regulation of the 
adaptivee immune response. 

Humann DC subsets 
Progenitorss of DC originate from the bone marrow and migrate into the blood as an 
immaturee DC population. From the blood they emigrate into the tissues and form a 
networkk of interstitial DC. It has been proposed that DC can be generated along 
distinctt pathways and can arise from precursors of different lineages. At present, two 
DCC lineages have been identified which are the myeloid lineage and the plasmacytoid 
lineage.. Other cells that belong to the myeloid lineage include monocytes, 
macrophagess and granulocytes. 

Thee finding that CDllc+ CD14+ monocytes or CD34+ haematopoietic progenitor 
cellss can be differentiated in vitro into different subsets of DC has greatly improved 
ourr understanding of DC development and functions. Monocytes are able to 
differentiatee into immature DC under the influence of the cytokines GM-CSF and IL-4 
[2]]  and in the additional presence of TGF-fJ they give rise to cells that have 
characteristicss of Langerhans cells (LC) [3], the DC of epidermal skin. Alternatively, 
monocytess can give rise to macrophages when cultured with GM-CSF or M-CSF 
withoutt DL-4. 
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Thee physiological relevance of monocyte-derived DC, however, remains to be 
established.. Monocytes are highly versatile cells that play a crucial role in the 
maintenancee of immune homeostasis and circulate in the blood stream. It is generally 
believedd that they are able to cross the vascular endothelium and migrate to the 
peripherall  and mucosal tissues where they differentiate into different cell types. 
Indeed,, monocytes can be recruited to the site of infection to enhance the immune 
reponse.. Whether a monocyte becomes a macrophage or a DC may in part be 
influencedd by the endothelium. Recently, it has been demonstrated that monocytes that 
reversee transmigrate through a layer of endothelial cells, as would occur during entry 
intoo lymphatics, differentiate into DC, whereas the cells that remain in the tissues 
becomee macrophages [4,5]. 

Thee CD34+ hematopoietic progenitors can differentiate along two independent 
pathwayss in the presence of GM-CSF and TNF-a [6] [7]. The CD147CDla+ subset 
givess rise to cells with LC morphology and the CD14+/CDla" subset shows an 
intermediatee cell that can differentiate into interstitial (dermal) DC. Alternatively, both 
intermediatee subsets have the potential to differentiate into macrophages if re-cultured 
withh M-CSF, indicating the plasticity of the DC system [6]. 

Soo far, it is not exactly known how plasmacytoid DC can be generated in vitro from 
bonee marrow, but recently the CD4+/CDllc7CD123+ cell population, directly isolated 
fromm peripheral blood, has been identified as the plasmacytoid DC precursor. They do 
nott require GM-CSF but critically depend on IL-3 for survival in vitro [8, 9]. The 
physiologicall  function of the plasmacytoid DC as antigen-presenting cells is not 
entirelyy clear, up to now. 

DCC are located at different sites 
Myeloidd DC are present at very low numbers throughout the body and can be found 
bothh in lymphoid and non-lymphoid tissues. Since pathogens frequently enter the body 
viaa peripheral surfaces (e.g. the epithelial and connective tissues), immature DC are 
situatedd at these sites to constantly and efficiently take up and process information 
fromm the environment. LC represent the DC population found in the epidermis and 
thesee cells are in close contact with keratinocytes [10]. Furthermore, DC can be found 
inn the superficial epithelium of the gut, the urogenital tract, and the respiratory tract 
[11-13].. In the non-epithelial tissues such as the heart, lung and kidney the interstitial 
DCC are present and in the dermis the interstitial dermal DC can be found [14]. The T 
celll  zone interdigitating DC (IDC) can be found in spleen, thymus, tonsils, and lymph 
nodes.. However, to what extent these cells represent different subsets from the same 
lineagee or whether they differ in their stage of differentiation remains to be 
determined. . 

Thee DC that circulate in the blood are primarily bone-marrow precursors, immature 
DCC and possibly some migrating tissue-derived DC. They represent about 0.5-1% of 
thee leukocyte population in peripheral blood mononuclear cells [15]. 

Thee response of DC to pathogens or inflammatory mediators 
Twoo distinct states of DC can be distinguished, defined as immature or sentinel DC 
andd mature or effector DC. This distinction is based on functional and phenotypical 
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differencess but also the site in the body where they operate. Sentinel DC arc located in 
thee peripheral tissues and are specialized in antigen capture and processing. In 
responsee to pathogens, or the inflammatory mediators they induce in host tissue 
(dangerr signals [16]), the cells are activated and will migrate to the lymphoid organs 
whilee undergoing maturation. Consequently, mature DC are mainly present within 
lymphoidd organs and are capable of presenting antigens and initiating specific immune 
responsess [1, 17]. 

AntigenAntigen sampling and uptake by DC 
DCC are able to efficiently use several different pathways for antigen capture such as 
macropinocytosis,, receptor-mediated uptake, or phagocytosis. Macropinocytosis is a 
nonselectivee form of uptake by which a relatively large volume of antigen-rich 
solutionn can be internalized and concentrated. Several Ca -dependent (C-type) lectin 
receptorss expressed on DC are involved in endocytosis of antigen, such as mannose 
receptorr (MR) [18], DEC-205 [19]. Terminal oligosaccharide residues such as 
mannose,, fucose, N-acetylglucosamine, or glucose are components of the membrane 
surfacee of bacteria, parasites, and yeasts whereas they are absent in vertebrates 
(reviewedd in [20]). Mannosylated antigens are efficiently internalized via mannose 
receptorr and colocalize with the MHC class II pathway for processing and presentation 
[18,, 21]. In general, endocytic lectin receptors on DC primarily mediate internalization 
off  antigen and do not necessarily trigger activation. 

Thee Fc receptors (e.g. FcyR, FceR) allow the uptake of immune complexes or 
opsonizedd particles by DC for presentation [22, 23]. Recently, it has also been shown 
thatt a certain DC subset expresses the Fc receptor for IgA and could endocytose 
antigenn via this receptor [24]. Phagocytosis of apoptotic cell fragments by DC via the 
scavengerr receptors CD36 and ctvf55 has been demonstrated [25]. Furthermore, 
complementt receptors have been found on DC but their function remains to be 
determined. . 

Recently,, the expression of Toll-lik e receptors (TLR) has been demonstrated on 
manyy cells including DC and monocytes/macrophages [26]. TLR belong to the pattern 
recognitionn receptors (PPR) recognizing pathogen-associated molecular patterns 
(PAMP)) of microorganisms. Triggering of TLR can lead to activation and nuclear 
translocationn of NFKB in DC. This family of DNA-binding transcription factors play a 
cruciall  role in the regulation of genes involved in the production of inflammatory 
mediatorss of a variety of cells, including DC, as well as the maturation of DC [27, 28]. 
Therefore,, TRL play an important role in linking innate and adaptive immunity [29]. 
Byy producing inflammatory mediators, DC contribute to innate immunity. It should be 
notedd that besides DC, monocytes and macrophages are also important in the defence 
againstt pathogens as innate cells. Macrophages efficiently phagocytose and eliminate 
pathogenn or pathogen-infected cells to limit the spread of infection and can produce 
solublee mediators that will recruit and activate other effector cells to the site of 
infection. . 
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Activation,Activation, migration, and maturation of DC 
Pathogenn entry stimulates in local tissue cells the release of a variety of soluble 
factors,, including chemokines that will attract new DC precursors to the site of 
infectionn and cytokines that are potently able to activate DC. Activation and 
maturationn of DC transforms them from highly endocytic into strong 
immunostimulatoryy cells. 

Numerouss factors induce DC maturation and migration. For instance, as discussed 
above,, DC can be directly activated by pathogens (e.g. bacteria, viruses) or pathogen-
derivedd components (e.g. LPS, DNA, dsRNA) [18, 30-32]. DC can also be activated 
byy the inflammatory mediators produced by host tissue cells in reaction to pathogen 
infection,, such as the pro-inflammatory cytokines TNF-a and IL-lf J [2, 33]. Recently, 
itt has been demonstrated that factors released by necrotic cells such as the heat shock 
proteinn (HSP) 60 and HSP 70 initiate DC activation [34, 35]. In addition, activation of 
DCC can be triggered upon ligation of CD40 on DC with its counterpart CD40L that is 
mainlyy expressed on activated T cells [36,37]. 

Immaturee DC express low levels of surface MHC class I and II products, and co-
stimulatoryy molecules such as CD40, CD80, and CD86. The MHC class II molecules 
aree synthesized continuously by immature DC but remain stored intracellularly in 
lysoo somes. The antigens that are constantly taken up by immature DC can be targeted 
too MHC class II-positive lysosomes but are not efficiently used to form MHC II-
peptidee complexes [38, 39]. Upon activation, the DC will greatly enhance the capacity 
too form functional MHC class II bound peptide complexes and these complexes will 
bee distributed from the intracellular compartment to the membrane where they remain 
stabilyy expressed for days [40]. In contrast, their capacity to take up antigens via 
macropinocytosiss or endocytosis is greatly diminished, as indicated by the reduction in 
MRR expression [18]. In parallel, the expression of MHC class I molecules (loaded with 
endogenouss cellular antigens), co-stimulatory molecules (e.g. CD80, CD86, CD40, 
andd probably CD83 [41] and adhesion molecules (e.g. CD54, CD58) involved in T cell 
activationn are all strongly increased. Maturing DC also change their expression profile 
off  chemokines and chemokine receptors which allows them to respond to chemokines 
thatt induce the migration to secondary lymphoid organs where they are able to initiate 
naivee T cell responses and provide B cell help [42]. 

Typee 1 and type 2 T helper cell subsets 
Thee balance between CD4+ T helper (Th) cells that display Thl-type or Th2-type 
cytokinee profiles determines the effectiveness of immunity against a certain pathogen. 
TwoTwo important classes of immune responses can be distinguished: cellular immunity 
andd humoral immunity. The Thl-mediated response (cellular immunity) is important 
forr the elimination of intracellular pathogens including certain parasites, viruses, 
bacteria,, but also for the elimination of certain tumor cells. Effector Thl cells 
predominantlyy produce the cytokines IFN-y, and IL-2. Especially IFN-y is a potent 
activatorr of macrophages, cytotoxic T cells, and NK cells and enhances their cytotoxic 
activity.. On the other hand, a Th2-mediated response (humoral immunity) is critical 
forr the defence against most helminths but also to prevent antigen spreading. Th2 cells 
primarilyy secrete IL-4, IL-5 and IL-13 and these cytokines enhance survival, 
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proliferationn and IgG4 and IgE production by B cells, activate eosinophils and mast 
cellss and induce mucus production by epithelial lung cells [43, 44]. Importantly, the 
differencess in the T cell cytokine profiles correlate with the class-specific differences 
inn antibody profile [45]. 

Initiationn of naive Th cell responses by DC 
Naivee Th cells are uncommitted cells that upon leaving the thymus migrate via the 
bloodd stream into secondary lymphoid organs. The induction of naive Th cell 
responsess exclusively takes place in the secondary lymphoid organs and is initiated by 
DCC [46]. T cells recognize the antigenic peptide in the context of MHC molecules 
expressedd by the antigen-presenting cell (APC). This ensures the specificity of the 
responsee (signal 1). In addition, T cells need to establish contact with DC by forming 
ann immunological synapse where T cell receptor (TCR) and co-stimulatory molecules 
aree congregated in a central area surrounded by a ring of adhesion molecules [47]. 
Thesee important interactions include the co-stimulatory molecules CD28 on the T cell 
withh CD80/CD86 on the DC, CD40L with CD40, and the interaction of adhesion 
moleculess LFA-1 with ICAM respectively [48]. These co-stimulatory molecules 
determinee whether a T cell response will occur, and to what extent (signal 2). The 
antigen-specificc effector T cells acquire chemokine receptors that enable them to 
migratee to the site of infection and exert their actions either via the production of 
cytokinescytokines and subsequent activation of other immune cells or directly via binding to 
andd killin g of the infected cells. 

AA number of factors have been shown to affect the cytokine profile of naive Th 
cellss such as the route of antigen entry and the dose and type of antigen [49, 50]. 
Whereass a viral infection in the skin of mice biases the T cell cytokine profile and 
antibodyy response towards Thl, infection of the mucosa (e.g. gut, lung) primarily 
inducess a Th2-type response [50]. 

Theree is strong evidence that DC are the cells that transmit information to the T 
cellss about the nature of the pathogen, its pathogenicity and the character of the 
infectedd tissue [51]. In addition to signal 1 and signal 2, DC are also able to transmit a 
polarizingg signal to the T cells (signal 3) which determines die class of the immune 
responsee required for optimal elimination of that particular type of pathogen and to 
reducee the risk of local tissue damage to a minimum. This signal 3 can be mediated by 
solublee as well as membrane-bound molecules. 

DC-derivedd factors may influence Th development 
Inn response to infection, sentinel DC are able to secrete various cytokines (e.g. TNF-a, 
IL-1,, IL-6, IL-8, IL-12, IL-10, IL-15, IL-18, IL-23, type IIFN (IFN-a and IFN-p)), 
whichh may contribute to the local inflammatory response and subsequent onset of 
specificc immunity [52]. Several of these cytokines have been shown to influence the 
Thl/Th22 profile of the immune response when produced by the DC during T cell 
priming.. The roles of IL-12 and type I IFN will be discussed here in more detail. 
Furthermore,, the expression of membrane-bound molecules by DC such as 
CD80/CD866 [53, 54], ICAM-1 [55, 56], or OX40L [57, 58] have also been implicated 
inn regulating the type of immune response. Importantly, expression levels of these 
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moleculess by mature DC upon naive T cell priming strongly depend on the way the 
DCC were initially activated in the periphery at their sentinel stage. 

IL-12 IL-12 
Thee bioactive heterodimeric protein IL-12(p70) is comprised of two subunits, p35 and 
p40,, which are encoded by unrelated genes [59]. IL-12 is mainly produced by APC, 
amongg which DC are the most prominent producers. They produce IL-12 in response 
too various intraccellular bacteria (Listeria monocytogenes, Staphylococcus aureus, 
MycobacteriaeMycobacteriae ssp) [31, 60-62], viruses (influenza virus) [63], and intracellular 
parasitess (Toxoplasma gondii) [64] or their products (e.g. LPS, dsRNA, DNA) [30,63, 
65].. Production of IL-12 by mature DC is induced upon CD40/CD40L interaction with 
thee T cells in the draining lymph nodes [36]. 

IL-122 plays a critical role in the regulation of cellular immune responses by 
promotingg activity and growth of natural killer (NK) cells and T cells and by 
enhancingg IFN-y secretion in effector/memory Th cells [66]. Moreover, IL-12 has been 
demonstratedd to polarize the development of naive Th cells towards Thl -type cells that 
producee high levels of LFN-y [67, 68]. Mice lacking IL-12 or signal transducer and 
activatorr of transcription 4 (STAT4), the transcription factor involved in IL-12 
signaling,, showed strongly impaired Thl development in response to endosomal 
pathogens,, indicating the crucial involvement of IL-12 in Thl polarization [69, 70]. It 
iss important to note that IL-12-deficient mice developed normal Thl responses upon 
virall  infection, indicating the existence of other Thl-skewing factors [71]. 

Thee fact that IFN-y promotes IL-12 responsiveness in naive T cells [72] and 
stronglyy enhances LPS-induced IL-12 production by monocytes [73] and DC [31, 74] 
implicatess the existence of a positive feedback loop between these two cytokines. 

Severall  factors have been shown to suppress the production of IL-12 by DC, 
includingg IL-10, PGEz [75], steroids [76, 77], vitamin D3 [78], p2-agonists [79], 
choleraa toxin (CT) [80], and histamine [81]. However, pathogens may also interfere 
withh DC activation and even inhibit IL-12 production as a strategy to escape 
immunity.. For instance, the parasite Plasmodium falciparum [82] and viruses such as 
herpess simplex virus [83], vaccinia virus [84] and measles virus [85] inhibit DC 
maturationn and suppress IL-12 release. On the other hand, helminthic products are able 
too promote the induction of IL-12-inhibiting factors, such as prostanoids or IL-10 [86]. 
Thiss indicates that the levels of IL-12 produced by DC are subject to regulation and 
stronglyy depend on the inflammatory/activation signals that the sentinel DC received 
inn the periphery [51]. 

TypeHFN TypeHFN 
Typee IIFN, IFN-cc and IFN-P, are comprised of the products of multiple IFN-a genes 
andd a single IFN-p*  gene. These cytokines use a common heterodimeric receptor 
(IFNAR)) that is broadly expressed on most cells. Upon infection with viruses as well 
ass bacteria type I IFN are produced by most cell types, including DC, macrophages, 
fibroblasts,, NK cells, and T cells [87], Recently, it has been demonstrated that 
plasmacytoidd DC are able to secrete extremely high levels of type I IFN in response to 
virusess or bacteria [32, 88, 89]. 
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Typee IIFN have the potential to induce strong antiviral effect, to inhibit tumor growth, 
andd to mediate several immunomodulatory effects (e.g. upregulation of MHC class I 
molecules,, promotion of NK and cytotoxic T cell (CTL) activity) [87, 90]. They may 
contributee to the development of human Thl cells from naive T cells by directly 
activatingg STAT4 or increasing the expression of IL-12Rp* chain [91]. Paradoxically, 
theyy have also been demonstrated to directly inhibit the production of IL-12 by mature 
DCC and reduce Thl development [92]. 

Dendriticc cell subsets (DC1/DC2) may influence Th development 
Thee class of the immune response may depend on the site in the body where the DC 
aree located and activated. For instance, lung- and gut-associated DC preferentially 
inducee Th2-biased responses while spleen-derived DC primarily induce Thl-
dominatedd responses [93, 94]. It has also been reported that the DC lineage itself can 
influencee the outcome of the immune response [95]. However, increasing evidence 
suggestss that the infection-associated signals delivered to sentinel DC during their 
maturationn alter the polarization of the T cell response, regardless of the lineage [51]. 

Exposuree to intracellular pathogens such as influenza virus or the presence of IFN-y 
duringg the maturation of DC results in the development of effector DC (DO) that are 
ablee to secrete high levels of IL-12 and/or type I IFN and induce Thl-type responses 
[30,, 96]. Exposure to helminths (filarial nematode-secreted product, helminthic 
protein)) induces effector DC (DC2) that are unable to produce IL-12 and promote the 
developmentt of IL-4-secreting (Th2) cells [97, 98]. In addition, immune mediators 
suchh as IL-10 and PGE2 can impair or bias DC maturation and DL-12 production also 
resultingg in the development of effector DC2 [99-101]. 

Disruptedd Thl/Th2 balance in disease 
Efficientt clearance of a pathogen depends on the balance of cytokines produced by the 
antigen-specificc effector Thl and Th2 cells. In general, a mixture of Thl and Th2 cells 
iss induced in response to a given pathogen. Chronic activation of Thl cells, however, 
cann cause immunopathology and organ-specific autoimmune disease such as diabetes 
mellitus,, multiple sclerosis, inflammatory bowel disease and rheumatoid arthritis. 
Inappropriatee Th2-mediated responses may lead to the development of allergic 
disorderss such as asthma and atopic dermatitis [43,44, 102, 103]. 

MultipleMultiple sclerosis 
Multiplee sclerosis (MS) is an inflammatory disease in which the myelin of the central 
nervouss system is destroyed. Clinical expression of the disease is usually characterized 
byy an initial relapsing remitting course, with acute exacerbations followed by periods 
off  seeming quiescence. Over time, patients enter a phase of chronic infection and 
sufferr from severe neurological disorders such as disability. Sites of myelin loss, called 
plaques,, are typified by activated T cells and macrophages that destroy the myelin-
producingg oligodendrocytes. MS is thought to be a Thl-mediated autoimmune disease 
withh T cell clones specific for self antigens from myelin basic protein (MBP), 
proteolipidproteolipid protein (PLP), or myelin oligodendrocyte glycoprotein (MOG), that 
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primarilyy secrete IFN-y upon activation [104]. In addition, IL-12 has been implicated 
too be involved in the pathogenisis of the disease [105]. 

Therapeuticc agents such as, corticosteroids, type IIFN, and glatiramer acetate (GA, 
alsoo known as Copolymer-1, Copaxone), the latter being a random polymer of four 
aminoo acids, have been shown to reduce inflammation and lessen the frequency of MS 
attackss [106]. 

Therapeuticc agents affect the outcome of the immune response 
Severall  anti-inflammatory drugs dampen the immune response in a non-specific way. 
Forr instance, corticosteroids, cyclosporin A, and vitamin D3 are able to directly affect 
TT cell proliferation and inflammatory cytokine production. In addition, inhibitors of 
cAMP-specificc phophodiesterase 4 (PDE4) have strong anti-inflammatory effect on 
immunee cells such as eosinophils, T cells and monocytes [107, 108]. 

Manipulationn of the Thl to Th2 balance of the immune response in a more specific 
wayy has been considered to be a mechanism to alter a number of disease processes. 
Forr instance, the induction of Th2-type responses may reduce the pathogenic effect of 
Thll  responses in autoimmune-associated diseases [109-111]. GA treatment of MS 
patientss has been demonstrated to shift the balance from Thl- towards Th2-type 
cytokiness [112,113]. 

Sincee DC are the initiators of specific immunity the modulation of their T cell 
polarizingg capacity or inflammatory cytokine production may be a strategy to 
manipulatee the immune response and diminish disease severity. IL-12 has been 
implicatedd to play a role in chronic inflammatory responses, tissue destruction and 
possiblyy autoimmunity. Therefore, the modulation of IL-12 secretion by DC has been 
aa target for pharmacological intervention as it may reduce the induction of Thl-
mediatedd responses and pathology. Indeed, a number of therapeutic agents including 
glucocorticoidss [76, 77], vitamin D3 [78], type I IFN [92] and p2-agonists [79] have 
beenn shown to influence IL-12 production by DC and reduce Thl-mediated immune 
responses. . 

Scopee of this thesis 
Dendriticc cells are important for the recognition, uptake and subsequent appropriate 
initiationn of the immune response to an incoming pathogen. This thesis comprises 
somee basic studies on DC followed by studies on the mechanisms of the modulation of 
humann DC functions by therapeutic agents that are, or may be, applied in 
inflammatoryy diseases. 

Chapterr 2. It has been well described that monocytes differentiate into DC in vitro 
usingg the cytokines GM-CSF and IL-4. Monocytes are able to present antigen and 
inducee memory T cell proliferation but not as efficient and potent as DC. Therefore, 
wee questioned whether exposure of monocytes to GM-CSF alone, or in combination 
withh IL-4, would affect their T cell stimulatory potential. To this aim, we compared 
thee antigen-specific T cell stimulatory capacity of GM-CSF-treated monocytes with 
monocyte-derivedd DC. In addition, the cytokine profile of GM-CSF-treated monocytes 
wass analyzed as well as the cytokine profile of the antigen-specific T cells induced 
uponn co-culture with these cells. 
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Chapterr 3. At mucosal surfaces IgA is the main immunoglobulin to protect the 
bodyy from incoming pathogens. In addition, numerous DC are present to sample the 
mucosaa for incoming pathogens via mechanisms such as endocytosis or FcR-mediated 
uptake.. The aim was to investigate whether and how secretory IgA and dendritic cells 
interactt with each other since they both play important roles in mucosal immune 
responses.responses. Therefore, we analyzed the expression of the IgAR on both monocyte-
derivedd DC and CD34+-derived DC. In addition, we examined SIgA binding and 
uptakee by DC using flow cytometry but we also studied the ability of SIgA to induce 
DCC activation by determining the acquisition of maturation-associated markers and by 
measuringg the production of DC-derived cytokines. 

Chapterr 4. PDE4 specific inhibitors have been demonstrated to elevate cAMP 
levelss and inhibit proliferation and mediator release of several cells including T cells, 
monocytes,, and eosinophils. These compounds are considered potential targets for the 
treatmentt of Thl-mediated diseases. Here, we questioned whether PDE4 inhibitors 
affectt the inflammatory cytokine production and initiation of the specific immune 
responsee by DC. Therefore, the modulatory effect of phosphodiesterase 4 (PDE4) 
inhibitorss on DC functions such as cytokine secretion, T cell stimulatory capacity and 
thee induction of naive T cell responses was investigated. 

Chapterr 5. Type I IFN are currently used for the treatment of several diseases 
includingg the Thl-associated autoimmune disease MS. IL-12 is crucial for both innate 
andd adaptive immunity and has been implicated to play a role in the pathogenesis of 
MS.. Since DC produce this cytokine at different stages of maturation we questioned 
whetherr type I IFN affect the secretion of IL-12p70 by immature DC, that have a 
strongg inflammatory function in the periphery, and by mature DC, that have a crucial 
Thh polarizing function in the lymph nodes. In addition, we studied the CD40L-induced 
IL-122 production by DC that were exposed to type I IFN during maturation. 

Chapterr 6. The beneficial effects of GA in MS are thought to be mediated via T 
cellss (e.g. competition with MBP for binding to MBP-specific T cells) and resulted in 
ann increase of IL-4-producing cells and decrease of IFN-y-producing cells. It has not 
beenn addressed before whether the effects of GA on T cells are APC-dependent. 
Therefore,, we investigated whether GA affects the ability of DC to produce the Thl-
polarizingg cytokine IL-12 and other cytokines. Furthermore, we questioned whether 
thee production of Thl- and Th2-cytokines in naive Th cells is altered using DC that 
weree previously exposed to GA and compared this with the cytokine profile of naive T 
cellss primed in the presence of GA but absence of DC. 

Chapterr 7. The possible role for the interaction between DC and SIgA is discussed 
inn more detail. In addition, based on the studies described in chapter 4-6, we further 
discusss the immunomodulatory effects of therapeutic agents on DC functions and what 
implicationss this will have for the treatment of inflammatory diseases. 
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