
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Modulation of human dendritic cell function by therapeutic agents

Heijstek, H.C.

Publication date
2002

Link to publication

Citation for published version (APA):
Heijstek, H. C. (2002). Modulation of human dendritic cell function by therapeutic agents.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
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), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/modulation-of-human-dendritic-cell-function-by-therapeutic-agents(45cded85-d567-4626-b1e4-8cd6a75b6eef).html


Chapterr 7 
Generall Discussion 

PARTI I 
AA possible role for SIgA in the regulation of mucosal immunity 

TheThe interaction between SIgA and DC at mucosal surfaces 
Thee heavily glycosylated SIgA is the most abundant Ig isotype present at mucosal 
surfacess and is believed to be involved in the defence against incoming pathogens as 
welll  as in the prevention of responses against dietary and commensal antigens by 
adheringg to microbes in the intestinal lumen, thus inhibiting them to penetrate die 
mucosaee [1]. Another line of defence at mucosal surfaces is provided by DC that are 
presentt throughout the mucosal tissues (e.g. lamina propria, peyers patches, gut 
epithelium,, respiratory tract) [2-6]. DC have the capacity to open tight junctions 
betweenn epithelial cells and send their dendrites outside the epithelium to capture 
proteinss in the gut lumen [7]. Moreover, it has been reported that DC present in the 
subendotheliall  dome of the peyers patches can capture antigens transported through 
specializedd epithelial cells, called M cells [8]. In addition, M cells may also provide 
thee transepithelial transport of SIgA [9]. These data are in line with the observation 
thatt immature DC can bind and take up SIgA (Chapter 3), and suggest that SIgA at 
mucosall  surfaces may have another function in addition to simple neutralization of 
pathogenicc organisms. There is evidence that IgA-mediated mucosal uptake of 
antigenss can result in mucosal immune responses [10]. On the other hand, SIgA may 
bee directed against autoantigens or commensal microorganisms [11,12], against which 
responsess may be harmful. Since binding and uptake of SIgA by immature DC is not 
accompaniedd by DC maturation (Chapter 3), it is tempting to speculate that SlgA-
mediatedd antigen uptake may result in tolerance, in view of the current dogma stating 
thatt mature DC are immunogenic while immature DC are tolerogenic. 

Thee concept that immature DC are tolerogenic is based on both in vitro and in vivo 
studies,, although the mechanisms underlying the tolerance induction may vary. Human 
immaturee DC induce in vitro T cell anergy [13], whereas neoantigen-pulsed immature 
DCC injected in vivo induce IL-10-producing T (regulatory) cells [14]. In contrast, 
peptide-pulsedd mature human DC induce a strong immune response [15]. 

Severall  studies indicate that DC continuously capture nonpathogenic environmental 
proteinss that are present in high amounts within our respiratory and digestive tract, 
suchh as commensal organisms or dietary proteins. In spite of the absence of migration-
inducingg signals, these DC spontaneously migrate and transport these proteins to the 
drainingg lymph nodes for presentation to T cells [16-19]. Although spontaneous 
maturationn of migratory airway-derived mouse DC has been reported [17], it is 
reasonablee to assume that there are gradual differences in DC maturation, depending 
onn the environmental signals, and that part of the spontaneous migratory DC are 
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immaturee or partially mature. Indeed, it has been reported that circulating immature 
DCC can traffic through tissues and pick up apoptotic cells, a high source of self-
antigenss [20, 21], which may not necessarily induce DC maturation [22, 23]. 
Moreover,, a subpopulation of intestinal DC with weak T cell stimulatory potential has 
beenn reported to spontaneously migrate in the absence of inflammatory stimuli to the T 
celll  areas of mesenteric lymph nodes. Interestingly, these cells are loaded with 
apoptoticc bodies derived from intestinal epithelial cells [24]. 

Takenn together these findings underscore the concept that, in the absence of 
inflammationn (under steady-state conditions), immature DC efficiently capture and 
processs self and dietary proteins or non-pathogenic organisms resulting in tolerance, 
mediatedd by T cell deletion or by the induction of anergic or regulatory T cells. Upon 
infectionn however, mature DC induce a specific T cell response against the pathogen. 
Inn that case, the self-antigens and harmless environmental antigens that are presented 
byy the DC along with the pathogen are likely to be ignored as a consequence of T 
regulatoryy cells previously generated that prevent autoimmunity and chronic infection. 

PossiblePossible role for C-type lectin receptors in tolerance induction 
DCC express various endocytic receptors including lectins such as MR and DEC-205 as 
welll  as FcR, that can capture antigens and deliver them to processing compartments 
[25,, 26]. Recently, it has been demonstrated that MR ligation mediates negative 
intracellularr signals, resulting in inhibition of IL-12 secretion by DC [27]. In addition, 
engagementt of BDCA-2, which is a C-type lectin II expressed on the plasmacytoid DC 
subset,, inhibits IFN-oc production [28]. These observations implicate a more 
fundamentall  and diverse role for lectin receptors in the immune response besides their 
antigen-capturingg function. An inhibitory role of endocytic receptors is further 
supportedd by experiments showing that mice immunized with mannosylated 
proteolipidd protein (PLP), which is probably taken up via MR, and not mice 
immunizedd with non-mannosylated PLP, develop tolerance to PLP in an EAE model 
[29].. Furthermore, mice injected with hen egg lysozyme (HEL) fused to anti-DEC-205 
antibodies,, to specifically target the antigen to DC expressing DEC-205, developed 
antigen-specificc tolerance to HEL. Peripheral tolerance in these mice, however, could 
bee converted to immunity when the anti-DEC205/HEL antibody was given together 
withh a DC maturation stimulus [30]. The binding and uptake of SIgA-bound antigens 
byy immature DC is primarily mediated via C-type lectin receptors (Chapter 3). 
Preliminaryy data suggest that engagement of MR by SIgA mediates an inhibitory 
signall  to DC, as the LPS-induced secretion of inflammatory cytokines could partially 
bee inhibited in several donors (own unpublished observation), which is in line with 
previouss observations [27]. Therefore, it can be hypothesized that lectin-dependent 
uptakee of SIgA-bound antigens by DC may partially prevent their maturation and that 
thee antigen is transported by these DC to the T cell areas of the draining lymph nodes 
andd presented in a tolerogenic fashion. 
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PARTT 2 
Therapeuticc modulation of the immunoregulatory function of dendritic 

cellss as a mechanism to reduce inflammatory responses 

Thee Thl/Th2 polarizing function of DC can be affected directly by pathogens or 
indirectlyy by factors produced by cells of pathogen-infected tissues. In addition, 
pharmacologicall  agents can modulate this DC function. Since this modulation of DC 
mayy have a clinical application in treating certain types of tumors or disease states 
withh excessive Thl responses (e.g. autoimmune disease, acute graft-versus-host 
disease)) or Th2 responses (e.g. allergic diseases), great efforts have been made to 
exploree the DC-derived factors that regulate Thl/Th2 cell development. 

Thee cytokine IL-12, which is mainly produced by DC, plays a crucial role in cell-
mediatedd immunity and is probably one of the most significant Thl-skewing factors 
[31,, 32]. It has been demonstrated that the levels of IL-12 produced by DC are subject 
too regulation by inflammatory mediators as well as therapeutic agents [33, 34]. In the 
nextt paragraphs the current knowledge on the modulation of DC function by 
therapeuticc agents used for the treatment of inflammatory disorders will be discussed. 

TheThe role of DC in autoimmune disease 
Autoreactivee T cells are deleted by negative selection in the thymus, but some may 
escapee this process and respond to organ-specific self-antigens in the periphery [35, 
36].. As their activation may lead to autoimmune disease, these autoreactive T cells are 
subjectt to peripheral regulation [37]. DC are thought to initiate not only protective 
immunityy against pathogens by inducing antigen-specific Th cells but also tolerance to 
self-antigenss by deleting or anergizing autoreactive T cells or inducing regulatory T 
cellss [38]. However, the induction or maintenance of tolerance to self-antigens may be 
cross-regulatedd by ongoing inflammation. The onset of some autoimmune diseases has 
beenn associated with both bacterial and viral infections [39, 40]. In addition, cross-
reactivityy between self- and pathogen-derived antigens (molecular mimicry) has been 
describedd in autoimmune diseases such as insulin-dependent diabetes mellitus (IDDM) 
andd MS [41,42]. 

Ass the activation of autoreactive T cells requires presentation of self-antigens by 
Thll  -driving APC, DC probably play a role in the pathogenesis of autoimmune disease. 
Indeed,, it has been hypothesized that persistent inflammation may lead to tissue 
destructionn and prolonged presentation of self-antigens by DC. This may lead to 
persistentt stimulation of autoreactive T cells and autoimmune disease [43, 44], In 
humans,, DC can be found in the synovial fluid of patients with RA [45] and in 
autoimmunee lesions of psoriasis [46]. Also MS is associated with high numbers of 
circulatingg DC producing inflammatory mediators [47]. The finding that IFN-oc-
secretingg plasmacytoid DC accumulate in cutaneous lupus erythematosus lesions 
suggestss that they may play a role in the pathogenesis of systemic lupus erythematosus 
(SLE)) [48]. Recently, it has been demonstrated that the exposure of monocytes to the 
serumm of patients with SLE resulted in enhanced development of cells with DC 
morphologyy [49]. In nonobese diabetic (NOD) mice the first cells that infiltrate the 
targett organ are DC and these cells are able to present autoantigen in the draining 
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lymphh node [50]. Furthermore, transfer of DC that are pulsed in vitro with MBP-
derivedd peptides induce severe EAE in mice [51]. 

Thee cytokine IL-12, which is mainly produced by DC, has been associated with the 
inductionn of pathology in several models of organ-specific autoimmune disease, 
includingg EAE [52], experimental colitis [53], IDDM [54], glomerulonephritis [55], 
andd arthritis [56]. Also increased levels of IL-12 in the serum as well as the 
cerebrospinall  fluid have been found in patients with MS [57, 58]. 

Therefore,, the modulation of IL-12 secretion by DC has been a target for 
pharmacologicall  intervention in autoimmune diseases as it may reduce the induction 
andd prolongation of Thl-mediated responses and pathology. Indeed, it has been 
demonstratedd that neutralization of IL-12 prevented the development of EAE whereas 
additionn of IL-12 increased severity of the disease [59]. Furthermore, administration of 
antibodiess to IL-12 could inhibit diabetes mellitus or colitis in mice [53, 60]. The 
therapeuticc agent vitamin D3 has been demonstrated to prevent Thl-mediated 
autoimmunee diseases in animal models for EAE, SLE, and type I diabetes [61-63]. 
Thiss inhibition of Thl development upon vitamin D3 treatment is thought to be 
primarilyy mediated via the reduction of IL-12 secretion by APC [64, 65]. 

ModulationModulation of DC Junction by therapeutic agents 
Variouss therapeutic agents have been described with a nonselective anti-inflammatory 
andd immunosuppressive function in the treatment of inflammatory disorders, such as 
autoimmunee and allergic diseases. Recently, it has been demonstrated that, in addition 
too their direct inhibitory effect on Th cells, these agents also suppress IL-12 secretion 
byy DC and thus affect the outcome of the immune response (e.g. glucocorticoids [66, 
67],, vitamin D3 [65], and p2-agonists [68]). So far, the modulatory effects of PDE4 
inhibitorss (Chapter 4), type I IFN (Chapter 5, [69]), and GA (Chapter 6) on DC 
functionn have not been described in detail. Therefore, we will put these findings into 
perspectivee with previous observations. 

PDE4PDE4 inhibitors 
PDE44 is the main enzyme responsible for the degradation of cAMP and is 
predominantlyy expressed by immune cells (e.g. T cell, APC, mast cells, eosinophils). 
Thiss implies that the use of a specific inhibitor of PDE4 will not be limited to a certain 
celll  type. Indeed, the elevation of intracellular cAMP levels by PDE4 inhibitors has 
beenn reported to inhibit the function of a broad spectrum of immune cells including 
Thll  and Th2 cells, DC, monocytes/macrophages, mast cells, and eosinophils (Chapter 
4,, [70-72]). Therefore, these agents have been implicated to be effective in both 
autoimmunee as well as allergic diseases. 

PDE44 inhibitors have been demonstrated to suppress proliferation and cytokine 
productionn of both Thl and Th2 cells [73, 74]. Although it has been reported that they 
preferentiallyy inhibit proinflammatory cytokines in Thl-mediated autoimmune 
diseasess such as IFN-Y and TNF-a [75-78], the opposite has also been found, namely 
preferentiall  inhibition of Th2 responses in atopic individuals [73, 79, 80]. However, in 
allergicc diseases the inhibitory effects of PDE4 inhibitors on the ability of mast cells 
andd eosinophils to produce mediators and to relax the bronchial muscles, may play a 
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moree important role to reduce disease severity than their inhibitory action on T cells 
[70,71]. . 

Itt has been demonstrated that PDE4 inhibitors strongly reduce the production of the 
proinflammatoryy cytokine TNF-a by DC, monocytes, and macrophages (Chapter 4, 
[81,, 82]). Furthermore, selective inhibition of PDE enzymes suppresses IL-12 and 
TNF-aa in various animal models of autoimmune disease and even reduces Thl 
activityy [83-86], which may be explained by their anti-inflammatory effect on DC 
(Chapterr 4). These data are in accord with the observation that PDE4 inhibitor 
treatmentt reduces the number of TNF-a- and IFN-y-secreting cells in patients with MS 
[87].. Furthermore, treatment with inhibitors of PDE enzymes suppresses the 
productionn of IL-12 and six out of eight patients with MS reported improved motor 
skillss and less fatigue [76]. Taken together, these data suggest that PDE4 inhibitors are 
potentiall  therapeutic agents for the treatment of Thl-associated diseases. It is likely 
thatt PDE4 inhibitors dampen inflammatory responses through prevention of the 
productionn of inflammatory cytokines (TNF-a, IL-12) by APC, resulting in a reduced 
inductionn of Thl responses, while they simultaneously act directly on T cells reducing 
theirr proliferation and production of inflammatory cytokines (IFN-y, TNF-a). 

TypeType IIFNs 
Despitee the fact that type IIFN treatment has been shown to reduce the frequency of 
relapsess and clinical exacerbations in patients with MS, the mechanism of action 
remainss elusive [88, 89]. It has been reported that type I EFN treatment enhances the 
secretionn of IL-10 and reduces the frequency of IFN-y-secreting T cells in vivo [90-
93].. This is in line with the observation that type I IFN inhibit IL-12 secretion by DC 
andd thus reduce the development of IFN-y-secreting (Thl) cells (Chapter 5, [69]). 
Evenn though IL-10 is a negative regulator of IL-12 production [94], this cytokine is 
probablyy not involved in the type I IFN-mediated inhibition of IL-12 production by 
DCC [69, 95], but may exert its anti-inflammatory effects via other mechanisms. For 
instance,, IL-10 may reduce inflammatory cytokine production by autoreactive T cells 
orr affect the antigen-presenting capacity of APC [96]. It has been demonstrated that 
typee I IFN interfere with IFN-y-induced upregulation of MHC class II expression on 
humann glioma cells [97]. Importantly, type I IFN interfere with the IL-12-enhancing 
effectt of IFN-y on DC independent of the maturation stage of the cells via a still 
unknownn mechanism (Chapter 5). This indicates that the type I IFN-mediated 
inhibitionn of the positive feedback loop between IL-12 and IFN-y may be beneficial 
forr the course of the disease in MS patients. Besides their inhibitory effects on DC 
function,, other inhibitory mechanisms may be involved in the clinical efficacy of type 
II  IFN therapy in MS. For instance, type I IFN may affect the migratory potential of T 
cellss to inflammatory sites by inhibiting matrix metalloproteinases (MMP) and VLA-4 
expressionn [98-100] and inhibit Th cell proliferation [91,101]. 

Itt has been reported that mature DC become resistant to further modulation by 
immunomodulatoryy molecules such as IL-10 or PGE2 [102] as well as pathogenic 
compoundss [103, 104]. In addition, PDE4 inhibitors are unable to modulate mature 
DCC function (Chapter 4). This implicates that upon arrival in the lymph nodes the 
acquiredd cytokine profile of the effector DC is stable and allows them to adequately 
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polarizee the antigen-specific Th cell response in relation to the conditions of the 
infectedd and/or inflamed tissue. This is supported by the finding that within one lymph 
nodee multiple antigen-specific T cells with distinct cytokine profiles can be detected 
[105].. In contrast with these observations is the finding that mature DC are highly 
susceptiblee to type I IFN-mediated inhibition of IL-12 production (Chapter 5, [69]). In 
addition,, it has been demonstrated that mature DC are still sensitive to IFN-y-mediated 
signalling,, even though to a much lesser extent than immature DC [104]. These data 
implicatee that under certain conditions mature DC can be sensitive to modulation. 

GlatiramerGlatiramer acetate 
Thee therapeutic agent GA has been reported to induce a shift in the balance from Thl 
towardss Th2 cells [106, 107] and to reduce the relapse frequency in relapsing-
remittingg MS patients [108]. Recently, GA was also shown to prevent murine graft-vs-
hostt disease [109, 110] and transplant rejection [111], indicating its potential 
therapeuticc use in several other inflammatory diseases. 

Thee beneficial effects of GA may be explained by their ability to promiscuously 
bindd to class IIMH C on APC [112] and thereby directly competing with MBP-derived 
peptidess for the MBP-specific TCR [113, 114]. There are several indications, however, 
suggestingg that this antigen-nonspecific mechanism of action may not be the major 
basiss of the therapeutic effects of GA in vivo. First, it is highly unlikely that GA 
reachess the site (e.g. CNS) where it could compete with autoantigens for binding since 
itt is rapidly degraded into free amino acids and small oligopeptides after subcutaneous 
administrationn [115]. However, there are indications that APC interact with GA at the 
sitee of application and actively participate in mediating the effects of GA, as will be 
discussedd below. Second, the fact that GA can act as a TCR antagonist exclusively 
againstt the MBP 82-100 peptide, but not MBP 1-11 or peptide from other protein, such 
ass PLP 139-151 [114], is puzzling since its protective effects have been shown in EAE 
inducedd by various autoantigens [116-118]. Third, GA has been demonstrated to 
inducee anergy in a MBP-specific T cell clone in the absence of MBP suggesting that 
specificc TCR engagement takes place and that competition with MBP is not required 
forr GA to be effective [119]. Fourth, although the stereoisomer of GA has been 
demonstratedd to bind as effectively as GA to MHC class II [110], it failed to suppress 
EAEE [120]. Overall these data indicate that merely competition for MHC binding is 
nott sufficient to explain the beneficial effects of GA. 

Thee observation that GA impairs the ability of DC to produce cytokines such as 
bioactivee IL-12 and TNF-cc (Chapter 6) support the hypothesis that GA induces anti-
inflammatoryy Th cell responses by modulating the APC function of DC. Furthermore, 
GAA reduced inflammatory cytokine production by cells from whole blood indicating 
itss anti-inflammatory effects on other APC besides DC (own unpublished 
observations).. Moreover, DC matured in the presence of GA polarize naive Th cells 
intoo effector IL-4-producing Th2 cells and this is accompanied by the enhanced 
secretionn of the anti-inflammatory cytokine IL-10 (Chapter 6). These observations are 
inn line with both in vitro and in vivo studies showing that GA induces a Thl to Th2 
shiftt accompanied by the production of IL-10 [106, 107, 121, 122]. Therefore, it can 
bee speculated that GA modulates the APC function of sentinel DC that carry GA to the 
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drainingg lymph nodes and present it to GA-reactive T cells, which then migrate across 
thee blood brain barrier to the site of infection [121]. In the CNS they may cross-react 
withh myelin antigens and release anti-inflammatory (Th2-type) cytokines and induce 
bystanderr suppression of Thl-type cytokine production by autoreactive T cells [123, 
124].. Whether these GA-reactive T cells possess so-called regulatory functions, as has 
beenn described for CD25+ CD4+ Th cells, needs to be elucidated. 

ConcludingConcluding remarks 
Itt has become increasingly clear that DC play a decisive role in the outcome of the 
immunee response. They are able to recognize, process and present pathogen and 
subsequentlyy initiate naive Th cell responses, driving them into distinct classes of 
effectorr cells. In addition, DC have a strong inflammatory function in the periphery 
andd are potent activators of memory T cell responses. The identification of the factors 
thatt modulate DC function and the way these cells subsequently promote Thl or Th2 
responsee can contribute to the design of novel therapeutic strategies. 

Variouss therapeutic agents have been developed for the treatment of inflammatory 
disorders,, such as autoimmune and allergic diseases. These anti-inflammatory and 
immunosuppressivee agents have been described to nonselectively inhibit inflammatory 
processes.. They have been shown to directly inhibit Th cell proliferation and reduce 
thee inflammatory cytokine production by Th cells, monocytes and macrophages. 
Recently,, it has become clear that therapeutic agents are also able to modulate DC 
functionn and thus affect the outcome of the immune response. The data discussed here 
indicatee that several therapeutic agents including PDE4 inhibitors, type IIFN, and GA, 
aree able to inhibit the IL-12-producing capacity of DC and, consequently, reduce the 
inductionn of Thl-mediated responses. These data improve our understanding of the 
mechanismss underlying the anti-inflammatory effects of therapeutic agents. 

AA critical step for the onset of specific immunity to pathogen is the activation of DC 
andd their switch from an antigen-sampling mode into a T cell-stimulatory mode. 
However,, how do DC decide to induce a tolerogenic or immunogenic reaction to a 
certainn antigen? This decision may depend on the type of DC that presents the antigen, 
thee maturation status of the DC which depends on the conditions (steady-state versus 
inflammation)) under which the antigen is taken up (via lectin-like receptors?) and 
presented,, or the character of the antigen. Finding the factors that regulate the balance 
betweenn tolerance and immunity by DC are considered to be of utmost importance for 
thee design of therapeutic strategies. The targeting of antigens to immature DC and 
theirr uptake via lectin-like receptors may be used as a novel strategy to dampen the 
autoimmunee response. 
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