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THEE KERATINOCYTE, AN IMPORTANT COMPONENT OF THE SKIN 

IMMUNEE SYSTEM (SIS) 

Thee skin's first line of defense against invasion by microbial agents is the stratum corneum, a 

nonviable,, desiccated layer of the epidermis.' However, this physical barrier is susceptible to 

injuriess that allow the entry of opportunistic microbial agents into the skin. Since human skin 

iss constantly in contact with a wide range of microbial agents it is not surprising that many 

highlyy efficient and complementary defense mechanisms are present in both epidermal and 

dermall  compartments. Some of the cellular constituents of the skin are resident, and others 

cann be recruited. Although the main function of resident cells is to support the skin structure 

thesee cells may also contribute to immune defense. In addition, there is an army of cells with 

thee mere function of host defense. These cells are present in low numbers in steady state 

conditionss but can be massively recruited to the skin by the alarm signals provided by resident 

cells,, in particular keratinocytes, or occasional immune cells. Innate immunity is the first line 

off  defense and is supported by nonspecific events and lacks immunological memory. Cellular 

constituentss of the innate immune system in the skin include keratinocytes, Langerhans cells 

(LC),, dermal dendritic cells (DC), macrophages, natural killer (NK) cells, and granulocytes.2 

Thee second line of defense, specific immunity, is indispensable when innate immunity fails 

andd is supported by antigen-specific T and B cells. The generation of this response is 

determinedd by signals provided by highly specialized antigen-presenting cells (APC), the DC. 

Thee epidermis is mainly constituted by keratinocytes and in non-inflamed skin immature 

LCC are present as a three-dimensional network in suprabasal layers where they can monitor 

thee environment as sentinel cells.2 Melanocytes are also present in the epidermis forming a 

monolayerr along the basement membrane. The fibroblasts are the main constituent of the 

dermis.. Tissue macrophages, monocytes, interstitial (dermal) DC (intDC), small numbers of T 

cells,, granulocytes (e.g. eosinophils, basophils and neutrophils), endothelial cells and mast 

cellss are also present in the dermis under steady-state conditions (Fig. 1). 

Keratinocyte-derivedd cytokines and their role in the skin immune system 

Keratinocytes,, the principle epidermal ceils, are major contributors to epidermal cytokine and 

chemokinee production.3 Keratinocyte-derived cytokines are produced either constitutively or 

uponn induction by various stimuli. Once secreted, these cytokines may act in an autocrine, 

juxtacrine,, or paracrine fashion to influence multiple resident and recruited cell types within 
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thee skin, including endothelial cells, macrophages, DC, neutrophils, lymphocytes, fibroblasts, 

LC,, and keratinocytes themselves, contributing to local inflammatory reactions within the 

skin.. Moreover, these cytokines may function as innate immune molecules initiating specific 

immunity.. For instance, the presence of pathogens can be sensed by keratinocytes, which 

resultss in the release of inflammatory cytokines, such as IL-ip 4 and tumor necrosis factor 

(TNF)-a,55 that activate immature LC/DC and induce their maturation and migration from the 

skinn to the local lymph nodes where specific immune responses are initiated.6 In addition, 

keratinocytess can produce various other cytokines, such as inflammatory (i.e. IL-67) or anti-

inflammatoryy (i.e. IL-108) cytokines, growth factors (i.e. IL-7,9 IL-1510 and granulocyte 

macrophage-colonyy stimulating factor (GM-CSF)11), type I interferons ((IFN)-a, -p12 and -

K 13),, and various others (i.e. IL-1814 and IL-2015). Keratinocyte-derived cytokines may 

thereforee influence a considerable range of homeostatic and inflammatory events. In 

particular,, keratinocyte-derived GM-CSF,16 TGF-p17 and IL-1518 are important for LC 

survivall  and LC generation from monocyte precursors in vitro. In addition, TNF-a produced 

byy keratinocytes in response to endotoxin̂ or contact allergens is an important factor that 

inducess LC maturation and migration. 

Expressionn of cell surface molecules by keratinocytes 

Thee skin is frequently subject to immune-mediated disease processes that involve prominent 

infiltrationn by T lymphocytes.20 The knowledge of the molecular basis for T cell trafficking in 

normall  and diseased skin has increased considerably during the past years, with particular 

emphasiss on the role of adhesion molecules. With the recognition of skin-homing T cell 

subsets'11 and the migration pattern of T cells into the skin mediated by adhesion molecules" 

andd chemokines,23'24 attention was directed at exploring how T cells become activated to 

proliferatee once they enter epidermal and dermal compartments.25 T cells are activated by 

ligationn of their T cell receptors upon recognition of Ag-derived peptides presented in the 

contextt of MHC class I (HLA-ABC) or MHC class II (HLA-DR) expressed by APC (signal 

11 ).26 Optimal T cell activation requires a second costimulatory signal (signal 2) provided by, 

amongstt others, the B7 family members CD80 and/or CD86, intercellular adhesion molecule-

11 (ICAM-1), and CD40 which are expressed by activated APC.26 In steady-state skin, 

keratinocytess do not express, or express very low levels of HLA-DR, HLA-ABC, ICAM-1, 

FasRR and CD40.27 However, in inflammatory conditions characterized by T cell 
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infiltration."'""  T cell-derived soluble factors induce in keratinocytes the expression of 

moleculess that arc particular helpful for effective interaction with T cells/ " For instance, 

keratinocytess start to express HLA-AB C and HLA-DR molecules required for Ag 

presentation,, and ICAV1-1 required for adhesion between APC and T cells during Ag 

presentation.. Indeed, keratinocytes-expressing HLA-DR and ICAM-1 can function as 

nonprofessionall  APC by presentation of bacterial superantigens to epidermal T cells. 

Moreover,, skin-infiltrating T cells induce the expression of CD40. allowing the keratinocytes 

too interact with CD40-ligand (CD40L) expressed by these T cells. Ligation of CD40 in the 

keratinocytess results in a boost of the production of inflammatory mediators, which amplifies 

thee inflammatory response. In addition, in these conditions, keratinocytes wil l express Fas 

receptor,, a molecule that makes these cells susceptible to apoptosis. Fas-mcdiatcd 

kcratinocytcc apoptosis caused by skin-infiltrating T cells is proposed to be a key event in the 

pathogenesiss of allergic contact dermatitis and atopic dermatitis (AD). Altogether, these 

accessoryy functions of keratinocytes are important for the amplification of the cutaneous 

inflammation. . 

Figuree 1. Cellular constituents of the skin immune system. The epidermis includes a variety of specialized cell 
types,, such as Langerhans cells (LC), however the major cell type is the epidermal keratinoeyte. Fibroblasts are 
thee major constituent of the dermis, where dermal DC, endothelial cells, mast cells and granulocytes are also 
present.. Upon activation with allergens, pathogens or keratinocyte-dcrived factors. LC migrate towards draining 
lymphh nodes where they present Ags to naive T cells. Precursors of LC are at the same time recruited to 
inflamedd skin to replenish the migrated LC population. 
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THEE ROLE OF TOLL-LIKE RECEPTORS IN CONTROLLING ADAPTIVE 

IMMUNEE RESPONSES 

Ass the skin is constantly exposed to a wide variety of microbial agents the host must detect 

thee pathogen and display mechanisms of defense in order to eradicate efficiently the invading 

pathogen.. As stated above, the innate immune system detects the presence and the nature of 

infection,, provides the first line of host defense, and controls the initiation and determination 

off  the effector class of the specific immune response.36 Innate immune recognition is based on 

thee detection of the constitutive and conserved products of microbial metabolism that are 

calledd pathogen-associated molecular patterns (PAMPs).37 PAMPs are recognized by so-

calledd pattern recognition receptors (PRRs)37 that are expressed on the cell surface, in 

intracellularr compartments, or secreted into the blood stream and tissue fluids. The Toll-like 

receptorss (TLRs) comprise a class of PRRs that belong to the family of type I transmembrane 

receptors,, which are characterized by an extracellular leucine-rich repeat domain and an 

intracellularr Toll/IL-1 receptor domain.38 In mammalian species there are at least ten TLRs, 

andd each seems to have a distinct function in innate immune recognition (Fig. 2). TLR1 

recognizess microbial lipoproteins from Mycobacterium tuberculosis,39 TLR2 a variety of 

bacteriall  components, such as peptidoglycan (PGN),40 bacterial lipoproteins,41 atypical LPS 

producedd by Porphyromonas gingivitis* glycosylphosphatidylinositol lipid from 

TrypanosomaTrypanosoma cruzi43 and mycobacterial cell-wall lipoarabinomannan,4445 although the latter 

cann also be recognized by the C-type lectin DC-SIGN.46 This unusual broad range of ligands 

recognizedd by TLR2 is explained, in part, by cooperation between TLR2 and TLR1 or 

TLR6.474SS TLR3 recognizes double-stranded (ds)RNA, polyriboinosinic polyribocytidylic 

acidd (poly I:C).49 TLR4 is the main receptor for LPS,50 TLR5 recognizes bacterial flagellin51 

andd TLR6, together with TLR2, coordinate activation by zymosan, a cell wall component of 

thee yeast Saccharomyces cerevisiae. Lipoteichoic acid (LTA), a cell wall component from 

Gram-positivee bacteria, is recognized by both TLR252 and TLR4,53 and both TLR7 and TLR8 

recognizee anti-viral compounds, the imidazoquinolines.vt'55 TLR956 has recently been shown 

too mediate signals from unmethylated CpG motifs present in bacterial DNA. The ligand that 

iss recognized by TLR10 is still unknown.57 TLRs transduce signals leading to the activation 

off  nuclear factor (NF)-KB via a MyD88-dependent and -independent pathway.58 NF-tcB will 

inn turn regulate series of genes involved in the production of inflammatory mediators and the 

expressionn of cell surface molecules in a variety of innate immune cells, including 

keratinocytess and DC. 
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Figuree 2. Ligand specificities of Toll-lik e receptors (TLRs). TLRs recognize a variety of pathogen-associated 
molecularr patterns (PAMPs). Recognition of lipopohsaccharide (LPS) by TLR4 is aided by two accessory 
proteins:: CD14 and MD-2. Adapted from Medzhitov36. 

THEE ROLE OF DENDRITIC CELLS IN IMMUNITY 

Thee immune system has evolved different types of adaptive immunity each specialized for the 

eliminationn of particular classes of pathogens.59 In response to intracellular pathogens, such as 

virusess and most bacteria, CD4' T cells differentiate into Thl cells, which produce IFN-y. 

IFN-yy is a potent activator of natural killer cells, cytotoxic T cells and macrophages. In 

contrast,, helminths induce the differentiation of Th2 cells, whose cytokines, principally IL-4, 

IL-13,, IL-5, induce IgE- and cosinophil-mediated destruction of these pathogens.''' To 

recognizee Ags, T cells need to establish contact with APC. 

DCC arc APC with a unique ability to induce primary immune responses. Immature myeloid 

DCC reside in epithelia tissues and arc unable to stimulate T cells, since they lack the requisite 

accessoryy signals for T cell activation, such as CD40, and the costimulatory molecules CD80 

andd CD86. However, they arc well equipped to capture an Ag. a key event in the induction of 

immunity.266 Immature myeloid DC capture Ag via macropinocytosis. receptor-mediated 

endocytosiss via C-type lectin receptors (mannosc receptor. DEC-205) ' or Fey receptors 

typee I (CD64) and II (CD32), and phagocytosis of particles such as apoptotic and necrotic cell 

fragments,644 whole bacteria63 and intracellular parasites.66 Upon activation by pathogens or 

theirr products, or by tissue-derived factors myeloid DC upregulate costimulatory molecules 

andd the chemokine receptor CCR7 a process defined as DC maturation. The process of 

maturationn can be initiated by pathogens or their products, or by tissue-derived inflammatory 

products.. Then, maturing DC migrate to secondary lymphoid organs which is crucial for the 

LPS(G-) ) 

LTAA (G*) 
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initiationn of specific immunity.67 There, myeloid DC attract T and B cells by releasing 

chemokiness and maintain the viability of recirculating T lymphocytes. 

DCC subsets 

Thee DC of epidermal skin are named LC, whereas dermal skin contains (dermal) intDC, as 

statedd above, and they display unique phenotypes. While LC are characterized by the presence 

off  Birbeck granules70 and langerin,71 dermal DC express the intracytoplasmatic 

transglutaminasee clotting factor XHIa72 and DC-SIGN.73 74 At present, five subsets of DC -

cellss that are lineage (CD3, CD14, CD20 and CD56) negative and HLA-DR positive - have 

beenn described in human peripheral blood. Four subsets are myeloid DC, namely CDlb/c+ 

(alsoo know as BDCA1' DC subset75), CD16\ BDCA3*75 and CD34+ DC, and one subset is a 

lymphoidd DC, namely CD123+ DC (also know as BDCA4' DC subset73 or plasmacytoid DC, 

PDC).766 The precise role of each of these subsets in immunity is unclear, to date. The best 

describedd subset is the BDCA1+ DC subset, the cell that picks up Ag in peripheral tissues, 

suchh as in dermal skin, and carries this Ag to draining lymphoid tissue. This BDCAT 

myeloidd DC subset is the major producer of IL-12, in response to CD40L or bacterial 

products.777 IL-12 is one of the most potent factors driving T helper type 1 (Thl) responses.78 

However,, efficient IL-12 production requires two signals,79 and it was recently shown that 

alsoo human PDC may produce high levels of IL-12 in response to the combination of bacterial 

CpGG motifs and CD40 ligation.77,80 PDC express some molecules of the lymphoid lineage81 

andd have the capacity to produce large amounts of type I IFN in response to bacterial CpG 

motifss or in response to several viruses.83"84 PDC are also found in lymphoid organs 

(thymus,, bone marrow, spleen, tonsils and LN), and are increased in inflamed tissues such as 

inn cutaneous lupus erythematosus lesions8:> or in allergen-challenged nasal mucosa.86 

Polarizingg capacity of DC 

Itt has been proposed that the development of different types of T cell-mediated immune 

responsess depends on the DC lineage.87 In this model myeloid DC are considered as potent 

inducerss of Thl responses while PDC are inducers of Th2 responses.87 However, recent 

studiess support the hypothesis that skewing towards either type of response is not exclusively 

lineagee commitment, and that the same DC subset can promote either a Thl or Th2 response 

accordingg to the dose and type of Ag, including different pathogens, and the environmental 

milieuu present during their differentiation.77'88 In addition, the presentation of Ags by DC 
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duringg steady-state conditions can contribute to the establishment of non-responsiveness to 

selff  Ags.s" In humans. DC show different T cell-polarizing capacities, which depend on 

multiplee factors. In this respect, when immature myeloid DC (iDC) are matured in the 

presencee of IFN-y.90 Bordetella pertussis toxin91 or double-stranded (ds)RNA ' they 

becomee type 1 effector myeloid DC (DC1) which drive the development of Thl cells. In 

contrast,, factors that upregulate intracellular cAMP such as prostaglandin E: (PGE2). "' 

histamine94'955 or the toxin from Vibrio cholerea,91, or factors derived from extracellular 

pathogenss such as Schistosoma mansoni egg antigen (SEA) induce the generation of 

myeloidd DC2 which drive the development of Th2 cells. Moreover, myeloid DC (DCr) arc 

capablee of inducing T regulatory 1 cells (Trl). which produce high levels of IL-10, when 

activatedd with filamentous hemagglutinin (FHA) from B. pertussis? or schistosomal lyso-

phosphatidylserinee (PS).98 The effects of these factors on iDC polarization are summarized in 

Fig.. 3. 

Peripherall t issue Lymphoid t issue 

Immaturee DC Mature DC 

Figuree 3. Functional polarization of myeloid DC. When type I factors such as IFN-y or intracellular pathogens 
aree present during DC maturation. DC acquire the capacity to induce Thl cells (DC1). Conversely, type 2 
factors,, such as PGE:. SEA, and V. cholerea toxin induce the development of DC2. which drives the 
developmentt of Th2 cells. Factors such as filamentous hemagglutinin (FHA) from B. pertussis or schistosomal 
[yso-phosphatidylserinee (PS) induce DCr that drive the development of T cells with suppressor activity (Tr). 
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AA similar DC1/DC2 dichotomy is applicable to PDC. While iPDC acquire the capacity to 

inducee the development of Thl responses upon viral stimulation, CD40L in the presence of 

IL-3-activatedd PDC induce Th2 responses.84" These findings demonstrated that a given DC 

subsett has a remarkable plasticity in directing different types of T cell responses.m 

Althoughh the signals from DC that govern a specific T cell cytokine production profile 

havee not all been determined, the production of the Thl-inducing cytokine 1L-12 is an 

importantt factor.100 The nature of the DC-derived factors that induce Th2 responses is less 

clear.. However, the costimulatory molecule OX40L is upregulated in vitro on SEA-primed 

DC22 and is a possible candidate for skewing Th2 responses.91 

DC/pathogenn interactions 

Thee molecular response of DC to microbes represents one of the most critical steps in the 

inductionn of protective specific immunity. Immature DC, present at the site of infection, can 

sensee microbes directly by recognizing molecular patterns within microbial carbohydrates, 

lipids,, proteins, nucleic acids and many others, using highly conserved PRRs.101'102 

Studiess with DC subsets have suggested that specialized functions of human myeloid DC 

andd PDC are partly the result of a different pattern of TLRs expressed on their surface. In 

particular,, PDC, but not myeloid DC, express TLR9. By contrast, myeloid DC, but not PDC, 

expresss TLR2, TLR4 and TLR6.103'104 The differential TLR expression pattern permits DC to 

initiatee responses to a large variety of microbes and to generate different immune responses to 

aa single microbe, thus increasing the chances of successfully controlling the microbial 

invasion.. The overall type of response against the whole microorganism may well be an 

integrationn of all microbial signals through all receptors and all APC subsets.106 Thus, DC link 

thesee evolutionary conserved pattern-recognition systems of the innate immune system to the 

variablee receptors of the adaptive immune response: the T cell receptors.107 

CHEMOKINES S 

Chemokiness are a superfamily of small (6-14 kDa) structurally related proteins that regulate 

thee traffic of various leukocytes.108 To date, more than 50 human chemokines have been 

characterized.. In table I, a summary is given of the known human chemokines, their most 

commonlyy used names, and their receptors. Most chemokines have four characteristic 

cysteines,, and depending on the motif displayed by the first two cysteines, they have been 

classifiedd into CXC or alpha, CC or beta, C or gamma, and CXXXC or delta chemokine 
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classes.. Chemokines exert their effects by signaling through specific 7-transmembrane G-

protein-coupledd receptors on the surface of many leukocytes (Fig. 4). 

Tablee I. Human chemokines and their respective receptors 

Familyy Systematic Current name 
name e 

Receptor(s) ) 

cxc c 

cc c 

CXCL1 1 
CXCL2 2 
CXCL3 3 
CXCL4 4 
CXCL5 5 
CXCL6 6 
CXCL7 7 
CXCL8 8 
CXCL9 9 
CXCL10 0 
CXCL11 1 
CXCL12 2 
CXCL13 3 
CXCL14 4 
CXCL15 5 
CXCL16 6 

CCL1 1 
CCL2 2 
CCL3 3 
CCL4 4 
CCL5 5 

(CCL6) ) 
CCL7 7 
CCL8 8 
CCL9/10 0 
CCL11 1 
CCL12 2 
CCL13 3 
CCL14 4 
CCL15 5 
CCL16 6 
CCL17 7 
CCL18 8 
CCL19 9 
CCL20 0 
CCL21 1 
CCL22 2 
CCL23 3 
CCL24 4 
CCL25 5 
CCL26 6 
CCL27 7 
CCL28 8 

XCL1 1 
XCL2 2 

CXXXCC CX3CL1 

Growth-relatedd oncogene (GRO)a 
GROp,, macrophage inflammatory protein (MIP)-2a 
GROy y 
PF4 4 
ENA-78 8 
GCP-2 2 
NAP-2 2 
Interleukinn (IL)-8 
Monokine-inducedd by IFN-7 (Mig) 
IFN-inducedd protein of 10 kDa (IP-10) 
IFN-inducedd T cell a-chemoattractant (l-TAC), IP-9 
Stromaa l-derived factor (SDF)-1 
BB ceil activating chemokine (BCA)-1, BIX 
Breastt and kidney chemokine {BRAK) 
Lungkine e 
SR-PSOX X 

I-309 9 
Monocytee chemotactic protein (MCP)-1 
MIP-1a a 
MIP-1p p 
Regulationn and activated norma! T cell-expressed and -secreted 
(RANTES) ) 
Unknown n 
MCP-3 3 
MCP-2 2 
Unknown n 
Eotaxin-1 1 
Unknown n 
MCP^ ^ 
HCC-1 1 
HCC-2 2 
HCC-4 4 
Thymus-- and activation-regulated chemokine (TARC) 
Dendriticc cell-derived CC chemokine-1 (DC-CK1), PARC 
MIP-3p,, ELC 
MIP-3a,, LARC 
Secondaryy lymphoid tissue (SLC), 6Ckine 
Macrophage-derivedd chemokine (MDC) 
MPIF-1 1 
Eotaxin-2 2 
Thymus-expressedd chemokine (TECK) 
Eotaxin-3 3 
Cutaneouss T cell-attracting chemokine (CTACK) 
Mucosa-associatedd epithelial chemokine {MEC) 

Lymphotactin,, ATAC 
SCM-1p p 

Fractalkine e 

CXCR1.CXCR2 2 
CXCR2 2 
CXCR2 2 
Unknown n 
CXCR2 2 
CXCR1.CXCR2 2 
CXCR2 2 
CXCR1.CXCR2 2 
CXCR3 3 
CXCR3 3 
CXCR3 3 
CXCR4 4 
CXCR5 5 
Unknown n 
Unknown n 
Unknown n 

CCR8 8 
CCR2 2 
CCR1.CCR5 5 
CCR5 5 
CCR1.CCR3.CCR5 5 

Unknown n 
CCR1.CCR2,, CCR5 
CCR3 3 
Unknown n 
CCR3 3 
CCR2 2 
CCR2,, CCR3 
CCR1 1 
CCR1.CCR3 3 
CCR1 1 
CCR4 4 
Unknown n 
CCR7 7 
CCR6 6 
CCR7 7 
CCR1 1 
CCR4 4 
CCR3 3 
CCR9 9 
CCR3 3 
CCR10 0 
CCR10 0 

XCR1 1 
XCR1 1 

CX3CR1 1 

Adaptedd from Sebastiani et a!. 
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Figuree 4. Chemokines and their receptors. The four main chemokine families (CC. CXC. CXiC and C) are 
shown,, as classified by the arrangement of amino-lerminal cysteine residues. The 7-transmcmbrane G-protein-
coupledd receptors are depicted: the names of the receptors for each group of chemokines and the cellular 
expressionn of each receptor is indicated below each group. Mono, monocytes: M<|>. macrophages: iDC. immature 
dendriticc cells: mDC. mature DC: NK. natural killer cells: PMN. polymorphonuclear neutrophils. Adapted from 
Hancockk etal. . 

Functionally,, chemokines can be classified into inflammatory and homeostatic 

chemokines.. Inflammatory chemokines are expressed in inflamed tissues by resident and 
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infiltratedd cells on stimulation by proinflammatory cytokines or during contact with microbial 

agents.. In contrast, homeostatic chemokines are produced within lymphoid or nonlymphoid 

tissuess such as the skin and mucosa. These constitutivcly produced chemokines are involved 

inn maintaining physiological traffic and positioning of cells that mainly belong to the specific 

immunee system, during hematopoiesis, Ag sampling in secondary lymphoid tissue and 

immunee surveillance.109 The distinction between inflammatory and homeostatic chemokines 

iss not absolute; several chemokines, such as CCL17/thymus and activation-regulated 

chemokinee (TARC), CCL20/macrophage inflammatory protein (MIP)-3a and 

CCL22/monocyte-derivedd chemokine (MDC) have been ascribed to both families. 

Chemokiness and chemokine receptors in primary immune responses 

Inn the course of a primary immune response, the rare Ag-specific T and B lymphocytes 

presentt in lymphoid tissues first need to interact with DC and follicular DC (FDC), 

respectively,, and subsequently with each other. In case of infection, DC and their precursors 

migratee at an enhanced rate from the blood into the tissues up to the site of pathogen entry. 

Here,, the cells are exposed to inflammatory stimuli that redirect them to the lymphatics and 

subsequentlyy into T cell areas of secondary lymphoid organs, where they present Ag to T 

cells.677 For instance, following stimulation with LPS, DC have an initial burst of CCL3/MIP-

la,, CCL4/MIP-ip, and CXCL8/IL-8 production, chemokines that are specialized for the 

recruitmentt of effector cells, including monocytes, granulocytes and effector T cells. At 

laterr time points DC produce mainly homeostatic chemokines such as CCL17/TARC, 

CCL18/dendriticc cell-derived CC chemokine-1 (DC-CK1), CCL19/MIP-3p, and 

CCL22/MDC.'''' These chemokines are involved in maintaining homeostatic leukocyte traffic 

andd cell compartimentalization within secondary lymphoid tissues.' * Maturing DC 

upregulatee receptors for homeostatic chemokines such as CXCR4, CCR4, and especially 

CCR7.1088 CCR7 upregulation results in responsiveness to CCL19/MIP-3p and 

CCL21/6Ckinc,, which are produced in the T cell areas of the secondary lymphoid organs by 

stromall  cells."2-113 In addition, mature DC-derived CCL19/MIP-3[3 and CCL21/6Ckine,"2 m 

andd CCL18/DC-CKT6H attract naive T cells thus promoting the initiation of immune responses 

throughh co-localization of naive T cells with DC, To initiate a humoral immune response, the 

recruitedd and subsequently activated T cells have to interact with Ag-specific B cells. After 

Agg binding, B cells move to the boundary of B and T zones to interact with Th cells 
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guidedd by DC-derived CXCL13/B cell-attracting chemokine-1 (BCA-1)"6 and CCL18/DC-

CKl.*8-117 7 

Chemokinee receptor expression by polarized T cell subsets 

TT cell recirculation in peripheral tissues is a complex event regulated by the local release of 

chemotacticc stimuli and by the differential expression of receptors on distinct T cell subsets. 

Twoo chemokine receptors are preferentially expressed on Thl cells: CCR5 and CXCR3. The 

chemokiness they bind arc produced in numerous Thl-driven inflammatory lesions, including 

rheumatoidd arthritis, atherosclerosis and multiple sclerosis. Conversely, Th2 cells 

preferentiallyy express CCR3, CCR4 and CCR8l !S 'm and the chemokines they bind are 

expressed,, for instance, in lesional skin of AD patients120 and in the airway mucosa of atopic 

asthmaticss patients. ' 

Keratinocyte-derivedd chemokines 

Keratinocytess are an important source of chemokines. For instance, resting keratinocytes 

releasee low levels of CXCL8/IL-8 and express CCL27/cutaneous T cell-attracting chemokine 

(CTACK).122'1233 Moreover, constitutive expression of CCL20/MIP-3a by keratinocytes is of 

particularr importance for the basal recruitment of LC in the epidermis.124 Following 

activation,, keratinocytes rapidly upregulate CXCL8/IL-8 and CCL27/CTACK, and synthesize 

CXCL10/IFN-inducedd protein of 10 kDa (IP-10), CXCL9/monokine-induced by IFN-y (Mig), 

CXCL11/IFN-inducedd T cell a-chemoattractant (I-TAC), CCL5/regulation and activated 

normall  T cell-expressed and -secreted (RANTES), CCL2/monocyte chemotactic protein 

(MCP)-l,, and CCL20/MIP-3a.125 CXCL8/IL-8 attracts neutrophils126 and CCL27/CTACK is 

chemokinee that is selectively produced by keratinocytes and attracts skin-homing memory T 

cells.122 The production of CCL17/TARC by keratinocytes is still controversial. While some 

authorss have demonstrated the production of CCL17/TARC by keratinocytes " we (M.C. 

Lebree et ai, manuscript submitted) and others could not detect CCL17/TARC mRNA 

expressionn neither protein release.128 CCL22/MDC production by keratinocytes is very low.128 

CXCL10/IP-10,, CCL2/MCP-1 and CXCL8/IL-8 arc abundantly released by activated 

keratinocytes.1"'1288 By producing this large array of chemokines, keratinocytes can participate 

inn skin inflammation through the regulated expression of chemokines attracting various 

leukocytee subsets. 

21 1 



Chapterr 1  ~ 

ATOPICC DERMATITIS (AD) 

Allergyy is a major health problem in most modern societies. The prevalence and severity of 

allergicc diseases has increased in many industrialized countries during the past few decades. 

Thiss phenomenon is observed for the so-called atopic diseases, namely bronchial allergic 

asthma,, allergic rhinoconjunctivitis {""hay fever") and AD. AD is a chronic skin disease 

manifestedd by eczematous skin lesions that affects more than 10% of children.1" A complex 

interplayy between genetic predisposition, immune dysregulation, skin barrier dysfunction, 

lifestyle,, and environmental factors is thought to be important for the development of AD.130' 
b22 The skin lesions are characterized by the presence of lichenification, pruritic excoriations, 

severelyy dry skin and a susceptibility to cutaneous infections.133 Keratinocytes in AD exhibit a 

particularr cytokine134'135 and chemokinelj 6 secretion profile, a phenomenon that has a major 

rolee in promoting and maintaining inflammation. Keratinocytes cultured from AD patients 

showw enhanced production of GM-CSF134 and are hyperresponsive to IFN-y in terms of 

cytokinee production.135 Moreover, keratinocytes from AD patients express high levels of 

CCL5/RANTESS compared to healthy controls.136 

Acutee or early lesions of AD are characterized by spongiosis of the epidermis, and a sparse 

epidermall  infiltrate of T lymphocytes may be observed. Increased numbers of LC are present 

withinn the epidermis.137 The LC in the skin of AD patients possess an abnormal phenotype. 

Theyy have an increased capacity to capture allergens because of their expression of receptors 

forr IgE (namely, FceRI) on their cell surface. In addition, LC in AD express large amounts of 

thee costimulatory molecule CD86.13*'139 In the dermis, an increased number of mononuclear 

cellss (e.g., monocytes and macrophages) is observed compared to normal healthy subjects. 

Mastt cells are also present in the dermis in normal numbers but in a degranulated state. The 

dermall  lymphocytic infiltrate is composed predominantly of allergen-specific CD4+ T cells 

withh a smaller number of CD8' T cells.140'141 Most skin-in filtrating T cells express cutaneous 

lymphocyte-associatedd Ag (CLA), a carbohydrate-modified surface glycoprotein which is 

knownn to be important for the homing of T cells to the skin.142"143 In AD, circulating allergen-

specificc memory/effector T cells expressing CLA have been demonstrated to be activated in 

vivo,vivo, to regulate IgE by an IL-13-dominated cytokine pattern, and to delay eosinophil 

apoptosiss by 1L-5.143'144 Allergen-specific T cells from skin and peripheral blood have shown 

aa profound dysregulation of IL-4 and IFN-y secretion, with an overproduction of IL-4 and 

reducedd IFN-y secretion in AD.145l4f' However, studies that focused on the cytokine 

productionn in skin revealed higher IFN-y levels than observed in T cells from peripheral 

22 2 



Generall  Introduction 

blood.. A sequential activation of Th2 and Thl cells in the pathogenesis of AD was 

thereforee proposed. In this concept, the initial phase is predominated by Th2 cells that 

producee high levels of IL-4. Later on, this Th2 cytokine pattern switches into the second, 

eczematouss phase predominated by the Thl cytokine IFN-y, leading to the ongoing 

inflammationn of the skin lesions.149'150 

Theree is accumulating evidence that IL-12 production by APC in allergic disorders such as 

allergicc asthma and AD is deficient.151'52 Monocytes from atopic patients have reduced IL-12 

levels11 ' and the expression of IL-12 mRNA in biopsies of allergen-challenged patients with 

allergicc asthma is increased after steroid therapy.152 In addition, Soumelis et al.]Sy 

demonstratedd that in inflamed AD skin keratinocytes produce thymic stromal lymphopoietin 

(TSLP)) that amplifies DC-mediated allergic inflammation. TSLP induces in human CDllc* 

myeloidd DC the production of Th2-attracting chemokines CCL17/TARC and CCL22/MDC. 

Moreover,, TSLP-activated DC primed naive Th cells to produce Th2-associated cytokines IL-

4,, IL-5 and TL-13. In summary, although it was shown that nonprofessional APC from 

allergicc individuals have reduced bioactive IL-12 production151153 there is no data on the IL-

122 expression levels in DC. In addition, the molecular mechanisms underlying the preferential 

Th22 type immune response observed in these patients are poorly understood. 

SCOPEE OF THIS THESIS 

Thee scope of this thesis is to get more insight in the role of both keratinocytes and myeloid 

DCC in the initiation and regulation of the class of the immune response, focusing on cytokines 

andd chemokine produced by these distinct cells. 

Itt is well established that the expression of PRRs by innate immune cells is of particular 

importancee to recognize PAMPs. As the skin is the first line of defense against invasion by 

microbiall  agents we questioned whether keratinocytes, as the main producers of soluble 

factorss in the skin, do express TLR and if so, which TLR types. Chapter 2 describes the 

expressionn of TLR by human keratinocytes and addresses the role of these PRRs in 

chemokinee and cytokine production in response to different PAMPs. 

Ass in the skin environment iDC reside in the close vicinity of keratinocytes we questioned 

inn Chapter 3 whether keratinocytes may play a role in the activation and polarization of iDC 

intoo DC1 or DC2. We studied whether and how factors produced by poly I:C-activated 

keratinocytess activate and/or polarize DC. 
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Althoughh the DC1- and DC2-derived cytokines, involved in T cell polarization, have been 

subjectt of intense investigation, the production of chemokines by these DC subsets is 

unknown,, thus far. We investigated in Chapter 4 whether human monocyte-derived DCO, 

DC1,, or DC2 may also display differential production of inflammatory and homeostatic 

chemokines. . 

Threee DC subsets in human blood can be distinguished on the basis of the expression of 

threee novel DC Ags: BDCA1, BDCA3 and BDCA4. While BDCA1 and BDCA3 Ags are 

characteristicc of two different subsets of myeloid DC, BDCA4 Ag is exclusively present in 

PDC.. In Chapter 5 the BDCA3+ DC subset is characterized in more detail, such as the 

expressionn of TLR and their responsiveness to different pathogens. In addition, the 

localizationn of this subset in lymphoid and nonlymphoid tissues is addressed. 

ADD is a skin disease characterized by the preferential development of Th2 cells, which 

mayy be based on an aberrant function of DC. At present, littl e is know about the function of 

DCC in AD. Therefore, we investigated (Chapter 6) the functional characteristics of peripheral 

bloodd DC subsets (BDCAT and BDCA4 DC) in AD patients with respect to their 

phenotype,, cytokine production and their capacity to induce a particular Th response. In 

addition,, the in vivo localization of BDCAT and BDCA4+ DC in human skin is addressed. 
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