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Chapter 1 

GENERAL INTRODUCTION 

Nearly two centuries have passed since the first accurate description of 
psoriasis by Wilan in the year 1808 (1). Psoriasis is a common, well-defined 
skin disease featuring the interplay of genetic, environmental, and immunolo­
gical factors. Extensive reviews on psoriasis are given elsewhere (2). Despite 
numerous reports, the exact etiology is still unknown. Moreover, 70 % of 
psoriatic patients are not satisfied with the currently available anti-psoriatic 
treatments (Gottlieb AB, oral presentation, Psoriasis Meeting, Dec 4-5 1995, 
Lake Buena Vista, FL), which stresses the contemporary societal interest of 
psoriasis research. 

Recent studies have identified a dysregulated crosstalk between resident 
skin cells and infiltrating leukocytes in psoriasis. Several lines of evidence 
point to the cytokine interleukin 1 (IL-l) as an integral component of the 
cellular immune basis of psoriasis. The regulation of cytokine activity in 
general, and that of epidermal IL-l in particular, is described in chapter 1.1. 
Skin as a site of immune responses, exemplified by the cutaneous inflamma­
tory response, is described in chapter 1.2. Finally, the cellular 
immunopathogenesis of psoriasis, with special emphasis on IL-l, is reviewed 
in chapter 1.3. 

1.1 CYTOKINES AS CELLULAR COMMUNICATORS 

For over two decades, it is recognized that immune-competent cells 
produce peptide mediators, now termed cytokines, which act as chemical 
communicators between cells, but mostly not as effector molecules in their 
own right. In general, cytokines are not constitutively expressed, but are 
rapidly produced after stimulation and act locally to restore homeostasis (e.g. 
insulin, a soluble peptide mediator which is continuously present in the 
circulation and serves to maintain glucose homeostasis, is not considered a 
cytokine). Cytokines bind with high affinity to specific receptors on the 
surface of target cells. A characteristic feature of cytokines is their functio­
nal pleiotropy and redundancy, which can be largely explained at the molecu­
lar level of receptor systems (see below). 

Families of cytokines 
Table I presents a scheme in which cytokines are grouped according to 

their three-dimensional structure and receptor usage. This scheme is still in­
complete and inconclusive. At least six different families of cytokines have 
been identified: the hemopoietins (four a-helical bundles); IL-l and fibroblast 
growth factor (FGF) (capped Jl-barrel of 12 anti parallel Jl-strands); tumor 
necrosis factor (TN F) (sandwich of antiparallel Jl-sheets in jelly roll motif); 
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Chapter 1 

transforming growth factor-alpha (TGF-a) and epidermal growth factor (EGF) 
(j3-sheets); TGF-p, platelet-derived growth factor (PDGF), vascular endothelial 
growth factor (VEGF) and nerve growth factor (NGF) (cysteine knots); and 
chemotactic cytokines (chemokines) (triple-stranded, anti-parallel j3-sheets in 
Greek key motif) (3,4). The large family of chemokines can be subdivided 
into a-chemokines (the two most amino-proximal cysteine residues are 
separated by an intervening amino acid: CXC) and p-chemokines (CC), which 
are functionally distinct, as they predominantly attract neutrophils and 
monocytes, respectively (6). It is intriguing that different structural domains 
of cytokines (e.g. IL-1p) may display different or even antagonistic cytokine 
activities (7). 

Table I. Structural families of cytoklnes and their receptors.atb 

Family of cytoklnec Members 

Hemopoietinso 

IL-l 

TNF 

TG.F-a 

TGF-p 

Chemokines 
a subfamily 

j3 subfamily 

a Refs 3-5. 

IL-6, IL-ll, LlF, OM, CNTF, CT-l 
IL-3, IL-5, GM-CSF 
IL-2, IL-4, IL-7, IL-9, IL-13, IL-15 

IL-l0, IFN-a, IFN-P, IFN-y 

M-CSF 

IL-la, IL-1P, IL-lra, FGF-a, FGF-p 

TNF-a, TNF-P, LT-P 

TGF-a, EGF 

TGF-pl, TGF-p2, TGF-p3 

PDGF, VEGF 

NGF 

IL-8, GRO-a, GRO-p, GRO-y, ENA-78, 
IP-l0, MIG, GCP-2, pep (and its 
cleavage products: CTAp·lII. j3-throm­
boglobulin, NAP-2), PF-4, SDF-la, 
SDF-l P 

MCP-l, MCP-2, MCP-3, RANTES, 
1-309, MIP-l a, MIP-l P 

Superfamily (SF) of cytokine receptord 

Cytokine receptor SF class I 
gp130 
common j3-chain 
common ,(-chain 

Cytokine receptor SF class II 

Immunoglobulin SF 

Immunoglobulin SF 

TNF receptor SF 

Protein tyrosine kinase receptor SF 

TGF-p receptors' 

Immunoglobulin SF 

TNF receptor SF 

Chemokine receptor SF 

b Abbreviations: CNTF, ciliary neurotrophIc factori CT, cardiotrophioi CTAP, connective tissue activating protein; EOF, 
epidermal growth factor; ENA, eplthelial·derived neutrophil attractant; FGF, fibroblast growth factor; GCP, granulocyte 
chemotactic proteIn; (G)M·CSF, (granulocyte) macrophage-colony stimulating factor; IFN, Interferon; IL, Interleukln; IP, 
IFN-y-Inducible protein; lIF, leukemia InhibItory factor; LT, Iymphotoxln; MCP, monocyte chemotactic protein; MIG, 
monokine Induced by IFN-y; MIP, macrophage inflammatory protein; NAP, neutrophil-activating peptide; NGF, nerve 
growth factor; OM, oncostatin M; PBP, platelet basic protain; PDGF, platelat-darived growth factor; PF, platelet factor; 
ra, receptor antagonist; AANTES, regulated on actlvation, normal T·cell expressed end sacreted; SOF, stromal cen­
derived factor; SF, superfamily; TOF, transformfng growth -'actor; INF, tumor MCrosls -factor; and VEGF, vascular 
endothelial growth factor. 

C The families of cytokines are named after a representative mamber {except for the hamopoletins and chemoklnesl. 
d Members of cytokine famities were subclassified according to receptor usage. 
II The family of hamopolatins also comprise G·CSF and erythropoietin (Epo), but data on their receptors are insufficient 

for receptor classification. 
f To date, the TGF·11 receptors are not grouped into a SF of cytokine receptors (see text). 
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General introduction 

Families of cytokine receptors 
Cytokine receptors are classified into several superfamilies based on com­

mon homology regions. The main superfamilies recognized today are the 
cytokine receptor superfamilies class I and class II, the immunoglobulin 
superfamily, the TNF receptor superfamily, the protein tyrosine kinase 
receptor superfamily, and the chemokine receptor superfamily (41. It should 
be noted that the superfamilies are not restricted to cytokine receptors (for 
example, several hormone receptors and leukocyte membrane polypeptides 
also belong to cytokine receptor superfamiliesl and that several cytokine 
receptors belong to more than one superfamily (e.g. IL-6 receptor belongs to 
both the class I receptor and immunoglobulin superfamiliesl. All cytokine 
receptors are single transmembrane proteins, except for the chemokine 
receptors which contain seven transmembrane domains. 

The cytokine receptor superfamily class I receptors are characterized by 
the presence of combinations of cytokine and fibronectin III domains in the 
extracellular regions. The amino terminal cytokine domain(sl contains four 
conserved cysteine residues, and (one 011 the membrane proximal fibronectin 
III domains contains the Trp-Ser-X-Trp-Ser (WSXWSI motif required for 
ligand binding (81. Functional class I receptors consist of a complex of two or 
three receptor chains. These multisubunit receptors can be grouped accord­
ing to the identity of common chains which are required for high affinity 
ligand binding and signal transduction. Three subgroups of class I receptors 
were identified sharing either gp 130 (a glycoprotein with a relative molecular 
mass (M,I of 130-kDa, cluster of differentiation (CDI 1301, the common [3-
chain (M,: 120-kDa, KH971 or the common y-chain (M,: 64-kDal (91 (Table II. 
The gp130 chain is shared by the receptors (RI for IL-6, IL-11, ciliary neurot­
rophic factor (CNTFI, leukemia inhibitory factor (LlFI, oncostatin M (OMI and 
cardiotrophin-1 (CT-11 (101. Ligand binding by this group of receptors 
induces homodimerization of gp130 (in case of IL-6R and IL-11 RI or 
heterodimerization of gp130 and LlFR (in case of CNTFRI. LlF, OM and CT-1 
are believed to directly induce heterodimerization of gp130 and LlFR (OM 
and perhaps CT-1 also induce heterodimerization of gp130 and the ligand­
specific receptorl. The LlFR, granulocyte-colony stimulating factor (G-CSFI R 
and IL-12R are highly homologous with gp130 and belong to the so-called 
gp130 family. The common [3-chain is shared by IL-3R, IL-5R and granulocy­
te and macrophage-CSF (GM-CSFI R, whereas the common y-chain is shared 
by IL-2R, IL-4R, IL-7R, IL-9R, IL-13R and IL-15R. 

Recent evidence suggests that the cytoplasmic parts of these signal trans­
ducing chains harbor two functional domains: a membrane-proximal region 
which is essential for proliferation signals (c-myc induction!, and a mem­
brane-distal region which is a essential for differentiation signals (c-fos and c­
jun inductionl (11,121. Ligand-induced receptor di- or oligomerization ty­
pically results in activation of (receptor-associatedl protein tyrosine kinases 
(such as members of the SRC and Janus kinases (JAKII and subsequent 
phosphorylation of several substrates (such as the receptors themselves, 
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members of the RAS-mitogen activated protein (MAP) kinase cascades, and 
transcription factors). Phosphorylation of tyrosine-based motifs in the 
cytoplasmic domains of the receptors is followed by specific docking and 
activation of signal transducing and activator of transcription factors (STATs) 
(12,13). Activated STATs form homodimers, translocate into the nucleus, 
and bind to responsive elements to initiate gene transcription. The JAK-STAT 
pathway results in rapid and specific transcriptional activation of target ge­
nes, and may, at least in part, contribute to cytokine-specific responses 
through selective activation of individual JAK kinases (JAK 1, JAK2, JAK3 
and TYK2) and STAT factors (STAT1 through STAT6) (14,15). 

The cytokine receptor superfamily class II receptors (interferon (IFN) Rand 
IL-l0R) contain one or two extracellular fibronectin III domains, which lack 
the WSXWS motif characteristic of the class I receptors (8). Ligand binding 
may induce receptor homodimerization (e.g. IFN-yR) and activate the JAK­
STAT pathway. The immunoglobulin superfamily receptors (lL-l R, IL-6R, 
FGFR, M-CSFR, PDGFR, VEGFR, stem cell factor R (SCFR)) contain one or 
more domains with the characteristic immunoglobulin fold (16). Ligand 
binding and signal transducing properties of the IL-l R are described in detail 
in chapter 1.1.1. Receptors belonging to the protein tyrosine kinase receptor 
superfamily (EGFR, Insulin-like growth factor-l (IGF-l) R, FGFR, M-CSFR, 
PDGFR, VEGFR, SCFR) are in general growth factor receptors with an 
intracellular tyrosine kinase catalytic domain (17). Ligand binding by these 
receptors induces receptor homo- or oligomerization, autophosphorylation 
and subsequent signaling. Members of the TNF receptor superfamily (TNFR 
and NGFR) are characterized by three or four cysteine-rich repeats in the 
extracellular part of the molecule (18). These receptors may bind more than 
one ligand. Little is known about the mode of signal transduction by recep­
tors of this superfamily. Receptors of the chemokine receptor superfamily are 
coupled to GTP binding proteins which, after ligand binding, activate lipases, 
kinases, phosphatases and ion channels (19). 

Soluble cytokine receptors 
It seems that essentially all single transmembrane cytokine receptors exist 

as soluble forms (20). Soluble receptors can be translated from differentially 
spliced pre-mRNA molecules lacking the transmembrane domain (e.g. IL-4R, 
IL-5R, IL-6R, IL-7R, IL-9R, GM-CSFR, G-CSFR, TGF-aR). However, the 
presence of mRNA for soluble receptors not always seems to represent 
protein synthesis. Soluble receptors can also be generated by proteolysis of 
cell surface receptors (e.g. IL-l R, IL-2Ra, IL-6R, gp130, PDGFR, NGFR, 
TNFR, TGF-PR) and by phospholipase action on the glycosyl-phosphatidylino­
sitol (GPI) anchor of CNTFR. Proteolytic shedding may be controlled by 
protein kinase C and may involve a metalloprotease, since phorbol myristate 
acetate (PMA)-induced shedding of IL-6R, TNFR type I and II as well as 
membrane TNF-a is blocked by a metalloprotease inhibitor, which was first 
identified as INF-Q;. grotease inhibitor (T API) (21,22). 
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Virokines 
The immunological relevance of cytokines and (soluble) cytokine receptors 

is clearly illustrated by the observation that several pathogenic virus strains, 
particularly pox viruses, encode proteins which counteract the anti-viral 
cytokine activity during the host response (23). Examples of theses so-called 
virokines include a homologue of the host suppressive cytokine IL-10 
encoded by Epstein-Barr virus (24) and several poxviral homologues of 
soluble IL-1 R (sIL-1 R) (see chapter 1.1.1), sTNFR and sIFNR, which prevent 
interaction of the ligands with cellular receptors (23,25). In addition, herpes­
viruses and cytomegalovirus encode chemokine receptors which are expres­
sed on the membrane of infected cells, but probably display an altered 
function (26). Furthermore, intracellular viral proteins have been described 
that interfere with cytokine maturation and cytokine-mediated responses 
(23). 

Cytokine biology 
The current view on cytokine biology is that of a network of cytokines 

with additive, synergistic and opposite effects, and inducers and inhibitors of 
the expression of cytokines and/or their receptors, which combine to give an 
overall biological (or clinical) response (27). Cytokines are potent molecules, 
of which the activity is regulated at multiple levels. 
First, stimuli are required to induce as well as to suppress the transcription of 
most cytokine genes (4). For example, infectious or toxic agents, mechanical 
injury, inflammatory mediators, and cytokines themselves (e.g. IL-1, TNF, 
IFN-y) are potent cytokine inducers, whereas glucocorticoids, prostaglandins 
and cytokines (e.g. IL-10 and TGF-J)) are potent inhibitors of cytokine gene 
expression. Note that genetic polymorphisms (e.g. IL-1 a, IL-1 receptor 
antagonist (lL-1 raj and TNF-J), see chapter 1.1.1 and ref 28) may contribute 
to inter-individual differences in cytokine expression upon stimulation. 
Second, the extent of cytokine protein production is limited, since the 
consensus sequence UUAUUUAU in the 3' end of most cytokine mRNAs 
promotes message instability (29). and translation of transcripts may require 
an additional signal (e.g. IL-1J)) (30). 
Third, several cytokines are not released through the classic secretory 
pathway. These cytokines are produced as larger biologically inactive 
precursor molecules, which are stored within the cytoplasm (e.g. IL-1, IL-8, 
GM-CSF, TGF-J) and PDGF) or expressed on the plasma membrane (e.g. TGF­
a, IL-1a and TNF-a), and need to be proteolytically cleaved to release the 
mature molecule (e.g. TGF-a, IL-1a, IL-1J) and TNF-a) (31-33). Extracellular 
enzymes may also contribute to the processing of precursor molecules (e.g. 
IL-1J) and TGF-J)) (34,35). 
Fourth, post-translational modifications (e.g. cleavage-site of leader peptide, 
glycosylation, phosphorylation and/or multimerization) affect the biological 
activity of mature cytokines (e.g. IL-6 and IL-8) (36-38). 
Fifth, once secreted, several cytokines are trapped by cell surface binding 
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proteins (e.g. TGF-Il). extracellular matrix (e.g. LlF, IL-1 and FGF), stromal 
cells (e.g. IL-3, IL-5 and GM-CSF) and endothelial cells (e.g. IL-8) (4,39). It 
should be noted that the intracellular, membrane and extracellular pools of 
cytokines are available for rapid maturation and/or release in response to 
stimulation. 
Sixth, soluble proteins which bind to cytokines can agonize or antagonize 
cytokine activity. The proteins bind to cytokines either nonspecifically such 
as 0:2-macroglobulin (40) or specifically such as autoantibodies to cytokines 
(e.g. IL-10:, IL-6, IL-8, IL-10, monocyte chemotactic protein-1 (MCP-1) and 
IFN-o:) (41,42) and soluble cytokine receptors (20). On the one hand, these 
soluble proteins may agonize cytokine activity by acting as chaperons, 
increasing the cytokine's persistence (5,43). Moreover, in case of sIL-6R and 
sCNTFR, the soluble proteins form a biologically active binary complex with 
their ligands (lL-6 - sIL-6R and CNTF - sCNTFR) which may act on cells only 
expressing gp130 on their cell surface, but not IL-6R or CNTFR (normally 
anticipated as cells unresponsive to IL-6 or CNTF) (20). Note that in line with 
this 'trans-signaling pathway' is the fact that gp130 is present essentially on 
all cell types, whereas IL-6R and CNTFR are not expressed ubiquitously. On 
the other hand, soluble proteins may antagonize cytokine activity by acting 
as scavengers of cytokines, neutralizing their activity, enhancing antibody­
dependent cell-mediated cytotoxicity, preventing extravascular escape and 
promoting excretion (5). Whether soluble proteins will act as agonists or 
antagonists of cytokine activity is, at least in part, determined by the ratio 
between membrane receptors and soluble proteins: the predominance of 
membrane receptors favors agonistic activity, whereas the predominance of 
soluble proteins favors antagonistic activity (43). 
Finally, cytokine activity can be regulated by modulating the number and/or 
function of membrane receptors. Receptor number may be modulated by 
controlling gene expression, internalization or the generation of soluble recep­
tors. Receptor affinity and/or function may be modulated by affecting 
receptor phosphorylation and/or glycosylation, by competition for common 
receptor chains or signal transduction molecules (17,40) or by binding 
cytokine receptor antagonists which bind to the receptor but do not cause 
signal transduction (for example, IL-1 ra and (p40)2 antagonize IL-1 and IL-12 
functions, respectively) (44,45). 

1.1.1 The IL-1 system 
In 1972, Gery et at. reported the finding of a human leukocyte-derived 

factor which promoted murine thymocyte proliferation (46). This factor has 
been further characterized and subsequently termed IL-1 (47). In 1985, two 
distinct, but distantly related, human macrophage cDNAs of IL-1 (referred to 
as IL-10: and IL-11l) were reported which encoded proteins sharing IL-1 
activity (48). Nowadays, we realize that IL-1 activity is in fact the net 
outcome of interacting IL-1 agonists and IL-1 antagonists, constituting the IL-
1 system (49). 
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Family members 
The human IL-l system comprises ligands and receptors, which are all 

located on chromosome 2, suggesting that these factors are expressed in a 
coordinate fashion following cell activation (49). There exist three ligand 
isoforms: IL-l a, IL-l Jl and IL-l ra, and two receptor isoforms: IL-l R type I (IL­
l RI) and IL-l RII. The naturally occurring anti-IL-la autoantibody is for clarity 
reasons not included in the description of the IL-l system. 

Ligands 
IL-1a and IL-1{l: Genetic analysis of IL-la identified the existence of at least 
six different alleles (50). This IL-l a polymorphism is caused by a variable 
number of 46 base pairs (bp) tandem repeats in intron six, with each repeat 
containing binding sites for transcription factors, and may therefore affect IL­
la expression. The induction of IL-l gene expression, in particular IL-1Jl, is 
rapid and transient, involving not only rapid activation but also rapid repres­
sion (similar to the response exhibited by the immediate early (IE) response 
genes such as c-fos) (51). IL-l Jl gene transcription is more tightly regulated 
than that of IL-1 a, and depends on a combination of cell type-specific (e.g. 
SPI-l, which is abundantly present in monocytic cells) and ubiquitous trans­
cription factors (e.g. nuclear factor IL-6 (NFIL-6) and cyclic AMP response 
element binding protein (CREB)) which bind to promoter-proximal sites and 
the upstream inducer sequence (UIS) enhancer, respectively (51). These 
proteins are probably involved in releasing the repression exhibited by the IL­
l Jl promoter. IL-l a and IL-l Jl translation products both occur as 31-kDa 
precursor proteins lacking a leader peptide (48) which, therefore, do not 
enter the rough endoplasmic reticulum and the Golgi complex and remain in a 
non-glycosylated fashion in the cytosol (52). Approximately 10 to 15 % of 
the pro-IL-la is myristoylated (53) and transported to the cell surface, where 
it is called membrane IL-l (54). 

Pro-IL-l a and pro-IL-l Jl differ in their post-translational modification, as 
the IL-l a and IL-l Jl precursors are differentially processed to the 17-kDa 
mature IL-l a and IL-l Jl forms (32,55). Processing of pro-IL-l a is selectively 
mediated by the calcium-activated neutral protease calpain (CANP) (55), 
whereas that of pro-IL-1Jl is mediated by IL-1Jl converting enzyme (ICE) (32). 
Both CANP and ICE are intracellular cysteine proteases that are synthesized 
as inactive proenzymes which are activated by autocatalysis (56,57). 
Autoprocessing of pro-CANP probably occurs at the inner surface of the 
plasma membrane in the presence of calcium and phospholipid, resulting in 
membrane-bound CANP (56). Cleavage of membrane-associated pro-IL-la by 
CANP into mature N-terminal Leu-119 IL-l a (58) probably results in release 
of IL-l a (55). Autocleavage of pro-ICE, present in monocytic cells, but not in 
keratinocytes (59) may be induced by potassium (60) and results in a 
homodimer of catalytic domains, each of which contains a 20- and a 10-kDa 
subunit (61,62). Activation of ICE is critical in processing of pro-IL-l Jl into 
mature N-terminal Ala-117 IL-l Jl and release of IL-l Jl (32,63). Released pro-
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IL-l P (e.g. pro-IL-l p leaked from necrotic cells or via a separate secretion 
pathway) can still be processed to active products (with additional residues 
at the N-terminus when compared to ICE-processed IL-l P) by extracellular 
proteases (e.g. chymotrypsin, collagenase, elastase and cathepsin G) 
(34,59). ICE has recently been recognized to be a member of a new subfami­
ly of cysteine proteases (64) and may take part in an amplified protease 
cascade, which is characteristic of apoptosis (63,65). Cells undergoing 
apoptosis acquire the capacity to release IL-l P more efficiently before cell 
death (66-68). ICE may activate CANP, as reports with ICE knockout mice 
have shown that ICE is also involved in the release of mature IL-lo: (63,69). 

The precise mechanism of release of IL-l from cells remains enigmatic and 
has been incompletely explained (52,70). IL-lo: and IL-l P proteins are not 
secreted by the classic secretory pathway. Cell death may result in release 
of IL-l, with the nature of the injury profoundly affecting the post-translatio­
nal modification of the released IL-l (60,66). In addition to cell death, recent 
studies support an alternative secretion pathway(s) in which a conformation­
al change of IL-l, as a consequence of processing, induces interaction with 
components of the classic secretory pathway and results in secretion 
(71,72). Some IL-l is found in Iysosomes (73) or intracellular vesicles (74), 
and either localization may playa role in the secretion of IL-l. In accordance 
with the alternative secretion model is the release of a small amount of pro­
IL-l P by intact mononuclear phagocytes, which may represent an event 
separate from secretion of the mature molecule (i.e. processed IL-l) (57). 
Recently it has been hypothesized that IL-l secretion may represent a mUl­
tistep process that is subject to regulation in a cell-type specific manner (for 
example, monocytes versus keratinocytes) (72). 
IL-lra: The IL-lra gene is polymorphic in that intron two contains a variable 
copy number of an 86 bp sequence, which affects the production of both IL-
10: and IL-l ra by human monocytes (75,76). There exist two alternative 
splice products of the same IL-l ra gene, which are transcribed from unique 
promoters and use distinct first exons (77). The form of IL-l ra first described 
was a 22-kDa product secreted by monocytes (secreted IL-l ra (sIL-l raj) 
(44,78,79). This form contains a leader peptide, is glycosylated, and is relea­
sed by cells through the classic secretion pathway. More recently, a second, 
cell-associated variant was described, termed intracellular IL-l ra (icIL-l ra). 
iclL-l ra (Mr: 22-kDa) contains an additional seven N-terminal amino acids, 
lacks the leader peptide, is non-glycosylated and predominantly resides in 
epithelial cells (80). There is evidence supporting the existence of a third 
splice variant generating another form of iclL-lra (Mr: 25-kDa) (81). 

Recently, yet another novel, IFN-y-inducing cytokine has been cloned 
which demonstrated a remarkable structural homology with the IL-l ligands 
and was termed IL-ly (82). 
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Receptors 
IL-1 RI and IL-1 RII: The IL-1 RI and IL-1 RII genes express multiple transcriptio­
nal start sites spread over multiple exons. As a consequence, three different 
IL-1 RI mRNAs and two IL-1 RII mRNAs can be generated which contain diffe­
rent 5' untranslated regions, but similar exons coding for the receptor 
proteins (83). The IL-1 RI gene promoter does not contain a TATA box but 
rather falls into the category of housekeeping gene promoters (84). Translati­
on of mRNA coding for IL-1 RI is limited because there are considerable 
secondary RNA structures in each of the 5' untranslated regions (84). Conse­
quently, IL-1 RI is constitutively expressed at low levels consistent with the 
low numbers of surface receptors on most cells. 

The most striking structural difference between IL-1 RI (COw121 a) and IL-
1 RII (C,Dw121 b) is the size of the cytoplasmic domains, being 213. amino 
acids for IL-1 RI and 29 amino acids for IL-1 RII, which accounts for the 
different molecular masses of the two receptors (Mr: 80-kOa and Mr: 68-
kOa, respectively). The extracellular domains of both types of receptors can 
be shed by proteolysis, generating soluble receptors (85). All IL-1 ligands 
bind to both membrane-bound and s1L-1 Rs, although with varying affinities 
(85,86). The reported affinities vary considerably between studies and show 
an apparent heterogeneity among different cell types. However, in general, 
membrane-bound IL-1 RI preferentially binds IL-1 a and IL-1 ra, whereas mem­
brane-bound IL-1 RII preferentially binds IL-1 p (86). Of importance is the 
observation that IL-1 RI binds IL-1 ra with greater affinity when compared to 
IL-1 RII, and that the binding of IL-1 ra by the former receptor is nearly 
irreversible. In contrast to IL-1 RII on leukocytic cells, the keratinocyte IL-1 RII, 
being the dominant receptor form on these cells, binds IL-1 a and IL-1 p with 
similar affinities (87). Naturally occurring s1L-1 RI seems to preferentially bind 
IL-1 ra (88), whereas s1L-1 RII seems to preferentially bind IL-1 p (89). Similar 
results were found with the recombinant forms of the soluble receptors (90). 
Recently, s1L-1 RII, but not membrane-bound IL-1 RII, was also reported to 
bind pro-IL-1P and to block its processing into mat~re IL-1P (91). 

IL-1 RI is the sole known signal-transducing r~ceptor for IL-1 (92). It is 
generally believed that the IL-1 RI is monomeric and binds one IL-1 molecule 
(93). Recently an additional protein, a putative second subu,nit of the IL-1 R 
complex, has been characterized that affects recepto,r binding and activity of 
IL-1 (94). The cytoplasmic domain of IL-1 RI is required for receptor function 
as demonstrated by deletion experiments (95). The IL-1 RII, which has a 
truncated cytoplasmic domain, does not transduce a signal, and appears to 
act as a scavenger of IL-1 p, preventing it from binding to the signaling IL-1 RI 
(96). Mutational analyses of IL-1 ligands have revealed two. distinct sites for 
binding to IL-1 RI. One site is present on all ligands and accounts for binding 
and receptor occupancy, and the other site is only present on IL-1a and IL-1P 
and accounts for receptor activation (97). The binding of IL-1ra to IL-1RI 
competitively prevents the binding of other ligands, but does not engage the 
critical amino acids for receptor triggering (44). IL-1 ra is structurally related 
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to IL-1a and IL-1P, but differs at the open end of the p-barrel (98), a stretch 
which is possibly involved in receptor activation. Receptor binding and 
activation are, thus, two physically separate events. Pro-IL-1 a and pro-IL-1 p 
differ in the expression of the receptor binding sites, as pro-IL-1 a is biologi­
cally active (i.e. binds to and activates IL-1 RI), whereas pro-IL-1 p does not 
bind to IL-1 RI (99). Processing of pro-IL-1 p, but not pro-IL-1a, is probably 
associated with conformational changes necessary to reveal both binding 
sites of IL-1 p to become functionally active. Recent structural data show 
furthermore that mature IL-1 a and IL-1 p do not express identical receptor 
binding sites (100,101), which may explain differences between IL-1a and 
IL-1P responses in some cells (102), and that IL-1P binds to IL-1RI and IL-
1 RII through different sites (103). 

Other molecules have been found which share significant sequence 
similarity to all or part of the IL-1Rs (104). Notably, the extracellular as well 
as the intracellular portion of the T1 fST2 molecule resemble those of IL-1 RI. 
The IL-1 RI, IL-1 RII and T1 fST2 genes are probably derived from a common 
ancestor gene. Interestingly, T1 fST2 and its soluble alternative splice product 
do not bind any of the IL-1 ligands, but the putative signaling domains of 
T1 fST2 appeared functional (105,106). Moreover, a group of several 
proteins which are homologous to the cytoplasmic portion of the IL-1 RI and 
T1fST2 (e.g. the Drosophila gene Toll, and the mammalian genes MyD88 
and hRSC786) may represent a family of signaling molecules (104). 

Signal transduction 
IL-1 signaling is unusually efficient, as only one to ten IL-1 molecules 

bound per cell are required to trigger an IL-1 response (107). The cytoplas­
mic domain of IL-1RI bears no resemblance to known protein kinases (108). 
and the cytoplasmic amino acids do not serve as substrates for tyrosine 
kinases (109). Still, a variety of signaling pathways have been implicated in 
the IL-1 response, including: i) activation of a GTP binding protein with no 
associated increase in adenylate cyclase (110); ii) activation of adenylate 
cyclase (111); iii) hydrolysis of phospholipids by non-phosphatidylinositol 
phospholipase Cs (112); iv) release of ceramide from sphingomyelin after 
activation of sphingomyelinase (113); and v) release of arachidonic acid from 
phospholipids after activation of cytosolic phospholipase A2 by phospho­
lipase A2 activating protein (114). However, in many cases evidence is con­
flicting. 

IL-1 receptor binding causes rapid changes in the phosphorylation state of 
cellular proteins as a result of activated MAP kinases, novel protein kinases 
and phosphatases (115). Novel IL-1-activated protein kinases which may 
initiate specific signaling cascades comprise an IL-1 RI-associated kinase 
(116), a 54-kDa MAP kinase (117) and a p-casein kinase (118). Only 
recently it was observed that in human epidermoid carcinoma cells yet 
another novel protein kinase cascade was activated in response to IL-1. This 
cascade, quite similar to stress-induced signal transduction, resulted in the 
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sequential phosphorylation of three kinases (a 35-, 40- and a 50-kDa kinase) 
and the 27-kDa heat shock protein (119). The cascade of events closely 
resembles, but is molecularly distinct from, the microtubule assembly protein 
kinase cascade (120). The extent to which different protein kinases, as 
mentioned above, are activated may be cell-type specific (115). In addition, 
it is suggested that IL-1 inhibits protein phosphatase 2A which could lead to 
inactivation of a kinase suppressor (121). Taken together, IL-1 signaling 
presumably involves a coordinate activation of kinases and inactivation of 
phosphatases resulting in sequential activation of kinases that likely contribu­
tes to the exquisite sensitivity of the IL-1 response. 

The IL-1-initiated signaling cascade results in the activation of transcripti­
on factors. IL-1 was found to induce phosphorylation and subsequent 
degradation of the inhibitor of NFKB (122), thereby activating NFKB. Activati­
on of NFKB and activating protein-1 (AP-1) is common to many IL-1 induced 
genes (123,124). 

G-protein coupling, phospholipid hydrolysis, protein phosphorylations and 
translocation of transcription factors may take place within 10 min (some 
earlier) after receptor activation. Note that the continued presence of IL-1 on 
the IL-1 RI is part of the amplification mechanism, as displacement of IL-1 
from the receptor results in a ceased IL-1 response (125). Ligand binding 
may result In rapid internalization of IL-1 /IL-1 RI complexes, of which some 
are degraded and others are found in the nucleus (126,127). Nuclear 
translocation motifs have been demonstrated in IL-1 RI (128), suggesting that 
such a translocation is important for IL-1-induced gene expression. IL-1 R 
were also observed on the nuclear membrane (129). They may complex with 
cytosolic IL-1 and subsequently become internalized into the nucleus, 
express DNA binding activity and initiate gene expression (130). 

Biology of IL-1 
IL-1 has a very wide range of biological activities on many different target 

cell types in vitro, and mediates local and systemic responses, from fever, 
anorexia and slow-wave sleep, to immunoregulation, generation of the acute 
phase response and local inflammatory reactions in vivo. IL-1 is specifically 
found to have profound effects on skin cells (131,132). Others have already 
excellently reviewed the biological effects of IL-1 in more detail (133,134). 
The pleiotropic actions of IL-1 can be attributed to the induction of a wide 
variety of nonstructural, function-associated genes that are characteristically 
expressed during inflammation, particularly cytokines (e.g. IL-6, IL-8 and 
TNF-o:) and enzymes (e.g. nitric oxide synthase, phospholipase A2 and 
cyclooxygenase) (49). IL-1 suppresses the constitutive expression of several 
housekeeping genes. These divergent effects of IL-1 on gene expression may 
be a coordinated effort by IL-1 to alter host responses to an inflammatory, 
infectious or immunological challenge. Hence, the term 'primary' cytokine 
based upon the prediction that the release of IL-1, as an isolated event, 
would be sufficient to induce inflammation. How IL-1 may orchestrate 
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cutaneous inflammation will be discussed in chapter 1.2.2. 
Virus biology underscores the importance of IL-l in immune responses. 

The virulence of vaccinia and cowpox viruses is related to the expression of 
proteins homologous to IL-l RII (25). These proteins (e.g. B15R from the 
Western Reserve strain of the vaccinia virus) antagonize IL-l J3 activity, and 
thus diminish the host's ability to mount an inflammatory response (23). 
There is also significant homology between the transmembrane regions of IL­
l RII and the Epstein-Barr virus protein BHRFl (86). Pox viruses even evolved 
a second mechanism to circumvent IL-l J3 activity, as viral products are 
reported to inhibit the activity of ICE (e.g. B13R from the Copenhagen strain 
of the vaccinia virus, and CRMA, a cytokine-response modifier from cowpox 
virus) (23,135). 

The primary role of the IL-l system in skin immune responses is substanti­
ated by the transgenic approach (136). A series of transgenic mice have 
been generated in the laboratories of Kupper and coworkers using the keratin 
14 (K 14) promoter to target overexpression of the transgene to basal epider­
mis. Interestingly, transgenic mice that overexpress IL-l a (TgIL-l.l line) do 
develop inflammation and skin disease (137). Similar results were found with 
overexpression of TNF-a (138), but not adhesion molecules (e.g. intercellular 
adhesion molecule-l (ICAM-l), costimulatory molecules (e.g. B7-1) or 
chemokines (e.g. MCP-l or GRO-a) (136,139,140). In addition, IL-1J3 
knockout mice exhibited an impaired inflammatory response to tissue injury 
(141). Moreover, IL-l injected into normal human skin gives rise to a wheal 
and flare reaction and a mixed leukocyte infiltrate in dermis as well as epider­
mis (142). Taken together, these experiments provide in vivo prove that IL-l 
is sufficient to induce cutaneous inflammation. 

Regulation of IL-l activity 
Human epidermis contains in total approximately 20 to 60 fig IL-l, equiva­

lent to 4 to 12 nM IL-l, which can be considered life-threatening, knowing 
that IL-l is biologically active in the pM to fM range (143,144). Recent 
advances in understanding the regulation of IL-l activity underscore that this 
is one of the most highly regulated cytokine systems known. 

Epidermal keratinocytes (and other epithelial cells lining the external 
environment) constitutively express pro-IL-l a and IL-l ra intracellularly 
(143,145). Pro-IL-l a functions as an autocrine, intracellular messenger with 
its activity controlled by the co-presence of iclL-l ra which is thought to 
compete with pro-IL-l a for nuclear IL-l RI (49). Moreover, the balance 
between iclL-lra and pro-IL-la may control terminal keratinocyte differentia­
tion (145). Several cytokines such as IFN-y, IL-6 and TNF-a, but not IL-4 and 
IL-l0 stimulate the expression of intracellular IL-l a without affecting the 
expression of iclL-l ra, thereby increasing the intracellular IL-l activity in 
keratinocytes (146,147). 

IL-l RII, expressed in the basal layer of epithelia (148), may act as a barrier 
mechanism to neutralize locally released IL-l agonists and prevent them from 
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mediating a cellular response or entering the circulation (5). In fact, transfec­
tion experiments recently provided evidence that IL-1 RII impairs the IL-1 
responsiveness of keratinocytes (149). The expression of keratinocyte IL-1RII 
is also under the control of cytokines (e.g. IFN-y, see chapter 1.2.2 and ref 
87). 

Of the two IL-1 agonists (IL-1a and IL-1Jl), the production and activity of 
IL-1Jl is more effectively regulated (which is confirmed by natural poxviral 
strategies). 
First, the IL-1Jl gene is expressed transiently and in a cell type-specific 
manner (e.g. dependent upon the monocytic transcription factor SPI-1). 
Second, IL-1Jl transcripts are not readily translated into IL-1 precursor pro­
teins, but generally require an additional signal for translation (30). 
Third, pro-IL-1Jl is biologically inactive and its maturation depends on the 
activation of ICE, whereas pro-IL-1 a is biologically active. 
Fourth, secreted pro-IL-1Jl is bound by s1L-1 RII, which thereby blocks the 
processing and activation of pro-IL-1Jl. 
Fifth, mature IL-1Jl (present during cutaneous inflammation) preferentially 
binds to the nonsignaling IL-1 RII (i.e. scavenged by IL-1 RII), whereas (pro-)lL-
1 a preferentially binds to the signaling IL-1 RI. 
Sixth, IL-1Jl activity is antagonized at both the receptor and ligand level by 
IL-1 ra and s1L-1 RII, respectively. IL-1 ra almost irreversibly binds to IL-1 RI, 
whereas s1L-1 RII preferentially binds (pro)IL-1Jl, but has lost affinity for IL-
1 ra. IL-1 ra is therefore unlikely to compete with IL-1Jl for binding to s1L-1 RII, 
resulting in a synergistic reduction of IL-1Jl activity by IL-1 ra and s1L-1 RII. 
During an inflammatory response, IL-1 ra and s1L-1 RII enter the circulation 
and are present in substantial molar excess to prevent systemic effects of IL-
1Jl (89,150). 
Finally, IL-1Jl responses may be limited at a point downstream of the IL-1Jl -
IL-1 RI interaction since iclL-1 ra was observed to reduce the stability of IL-1Jl­
induced cytokine mRNAs in human epithelial cells (151). 

Taken together, the regulatory differences to control IL-1 a and IL-1Jl 
activity are consistent with the idea that pro-IL-1 a delivers signals intracellu­
larly and during cell-cell interactions (as membrane IL-1 form), whereas IL-1Jl 
is more important in the inflammatory response and functions as a soluble 
molecule. 

The cellular response to IL-1 is ultimately determined by the balance 
between IL-1 agonists and IL-1 antagonists (see Figure 1). Regulation of the 
expression of the IL-1 antagonists (e.g. IL-1 ra and IL-1 RII) is an efficient 
means to control the IL-1 responsiveness. Indeed, mediators of inflammation 
(e.g. prostaglandins, corticosteroids and cytokines) often increase secretion 
of IL-1 ra (77), and surface expression of IL-1 RII (93). In monocytic cells for 
example, IL-4 increases gene transcription and production of s1L-1 ra (152). In 
addition, both IL-4 and glucocorticoids increase surface expression and relea­
se of s1L-1 RII, but not IL-1 RI, at the level of gene transcription and mRNA 
stabilization (96,153). Furthermore, IL-4 and glucocorticoids also affect the 
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expression of IL-1 agonists by decreasing mRNA stability and genetranscrip­
tion, respectively (51). The most important negative-feedback loops control­
ling IL-1 activity are presented in Figure 2 (154). 

IL-lcx 
(e.g. membrane lL-1) ic/sIL-l ra 

IL-1P (s)IL-1RI 

(s)IL-l RI (s)IL-l RII 

agonists antagonists 

Figure 1. Il-1 axis In skin. Balance between agonists and antagonists determines the 
epidermal responsiveness to IL-l. See text for details (modified from ref 1361. 

1.1.2 IL-1 system-related cytokines 
The IL-1 system is an integral part of (epidermal) cytokine networks. 

Cytokines may be produced under the control of IL-1, display overlapping 
signal transducing pathways and biological properties with IL-1, synergize or 
antagonize with IL-1, and/or affect the production of IL-1 family members 
(134,154,155). Examples of such IL-1 system-related cytokines, which fulfil 
key functions in cutaneous inflammation, are IL-4, IL-6, IL-8 and TNF-o:. 

IL-4 and IL-4R 
The IL-4 promoter demonstrates allelic variation which affects the trans­

criptional activity of the IL-4 gene (156). Gene expression is at least in part 
under control of T cell specific transcription factors (157). Alternative 
splicing results in an IL-4 variant which lacks exon 2 and seems to act as an 
IL-4 antagonist as it competes with IL-4 for receptor binding and inhibits IL-
4-stimulated T cel proliferation (158). IL-4 is translated as a pro-peptide with 
a leader peptide, processed to the mature molecule and secreted as a 20-kDa 
cytokine (see for review on IL-4 ref 159). IL-4 is important for the skewing 
towards the production of T H2-type cytokines (160). In addition, IL-4 is a 
potent negative regulator of the monocytic IL-1 system (see chapter 1.1.1), 
and inhibits the production of IL-1 system-related cytokines (e.g. IL-6 and 
TNF-o:) (161-163). In turn, IL-4 expression by T cells is inhibited by IL-1 
(164). 

Membrane-bound IL-4R (Mr: 140-kDa, CD124) associated with the com­
mon-y chain (see Table I) binds IL-4 with high affinity. Alternative splicing is 
responsible for the generation of sIL-4R. Studies with cells of myeloid lineage 
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Figure 2. Regulatory pathways of the Il-1 system. The release and action of the IL-la. and 
Il-1Jl are tightly regulated by negative-feedback loops. For example, prostaglandins, glucocorti­
coids, T H2-type cytokines (e.g. IL-4, IL-10 and IL-13), and members of the IL-1 system (e.g. IL­
l fa, IL-l RI and IL-l RII) all affect the IL-1 activity. + /- indicates stimulation/inhibition of 
expression. Note that no distinction is made between IL-la and IL-lll, and that IL-1AIl is 
depicted as unable to bind IL-l ra. See text for details (modified from ref 154). Abbreviations: 
GC, glucocorticoids; ACTH, adrenocorticotropic hormone; and PGE2• prostaglandin E2. 

have shown that IL-4-induced cell growth uses an intracellular activation 
pathway of which the initial events are characterized by phosphorylation of 
the insulin receptorflL-4R motif (l4R), present in the cytoplasmic domains of 
the IL-4R and members of the insulin receptor family, and subsequent 
phosphorylation of the 4PSfinsulin receptor substrate-1 (165). Other IL-4-
induced responses, such as lymphocytic differentiation, may use the JAK­
STAT pathway. Recently, a second IL-4R, which binds IL-4 with low affinity 
and uses different signaling pathways, has been described (166). 

IL-6 and IL-6R 
The regulation of IL-6 gene expression, in analogy with that of IL-1, 

shows some similarities with IE response gene regulation, as evidenced by 
the location of the c-fos serum-responsive element homology (c-fos SRE) 
within the IL-6 promoter (167). IL-6 mRNA is translated into an IL-6 precur­
sor protein containing a leader peptide. The mature secreted IL-6 polypeptide 
is characterized by cell type-specific differences in N-termini (as a result of 
heterogeneity in the leader peptide cleavage site), glycosylation, phospho­
rylation and multimerization (36,168). As a consequence, different IL-6 
molecules may vary considerably in molecular mass (M,: 21-kDa to 28-kDa) 
and biological activity. IL-6 is a multifunctional cytokine the biology of which 
is excellently reviewed in ref 169. Keratinocyte IL-6 is induced by IL-1 and 
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TNF-a, and significantly increased during inflammation. IL-6 in turn may 
enter the circulation, and is considered an anti-inflammatory cytokine. This 
cytokine is part of a negative-feedback loop, as it decreases stimulated IL-1 
and TNF-a production (170), and increases the production of IL-1ra and 
sTNFRI (171). Furthermore, the spectrum of acute phase proteins induced by 
IL-6 includes many anti-proteases with anti-inflammatory properties (171). 

Membrane-bound IL-6R (M,: SO-kDa, CD126) exhibits a low affinity 
binding site for IL-6, but together with gp130 a high-affinity binding site for 
IL-6 is formed (172). The sIL-6R form is unique in that it is generated by 
alternative splicing as well as shedding (20). Interestingly, the IL-6 - sIL-6R 
complex shows significant sequence similarity to IL-12, composed of a 35-
and 40-kDa subunit. In the light of this observation one could view the IL-6 -
sIL-6R complex as an agonist heterodimer involved in 'trans-signaling' routes 
(see chapter 1.1 and refs 20,173). In addition, soluble gp130, generated by 
shedding, may form antagonistic ternary complexes with IL-6 and sIL-6R 
(174). 

IL-6, when complexed with membrane-bound IL-6R, triggers homodime­
rization of gp130, resulting in signal transduction through gp130, as descri­
bed previously (chapter 1.1). At least for acute phase protein gene expres­
sion, there are two signal transduction pathways activated by homodimeri­
zation of gp130: the JAK-STAT pathway and a pathway involving a not yet 
identified tyrosine kinase responsible for the critical threonine-phosphoryla­
tion of NFIL-6 through the RAS-MAP kinase cascades (10). IL-6-induced 
growth responses only require conserved motifs in the membrane-proximal 
cytoplasmic region of gp130 (to which JAK kinases associate), and are 
independent of a conserved tyrosine-based motif in the membrane-distal 
region (which is required for specific docking of STAT factors) (11). It should 
be noted that NFIL-6 is a Ubiquitous transcription factor that, at least in 
monocytes and hepatocytes, is induced by LPS, IL-1, IL-6 and TNF-a, and 
mediates the expression of inflammatory cytokines (e.g. IL-1, IL-6, IL-S and 
TNF-a) as well as IL-6-inducible genes (10). 

IL-S and IL-SR 
The regulation of IL-S gene expression in keratinocytes involves IL-S 

mRNA length polymorphism (33). It is speculated that this reflects a cytoki­
ne-controlled two-staged IL-S release mechanism: 
1) TNF-a and IFN-y induce the formation of more and larger IL-S mRNA 

species, which may be translated into biologically inactive high-molecular 
mass IL-S protein (present in normal human epidermis), being protein­
bound (constituting an IL-S storage) and released slowly; 

2) IL-2 induces the cleavage of preformed IL-S, the products of which are 
released fast. 
IL-S is synthesized as a pro-form containing a leader peptide. Several 

distinct N-termini are found in the natural protein, resulting in differences in 
molecular mass (M,: 6 to S-kDa) and biological activity (e.g. the 69 and 72 
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residue IL-8 forms are more potent than the 77 residue form) (37,38). See 
ref 5 for a review on the biological activities of IL-8. IL-8, which appears to 
exist as a dimer in solution, is produced by nearly all cells of the organism 
when stimulated with primary cytokines. Once entered the circulation, the 
Duffy antigen receptor for chemokines (DARC) on erythrocytes (in addition 
to autoantibodies) scavenges free IL-8 and other chemokines in the blood 
and limits their biological activities (175). Chemokines may also exhibit anti­
inflammatory properties, as they induce rapid shedding of IL-l RII by polymor­
phonuclear cells (176) and, when accumulated predominantly intravascularly, 
inhibit their own activity (175). 

Two types of IL-8R have been described: IL-8RA and B (both have an M, 
of 60-kDa, CD128). The receptors express varying affinities for several CXC 
chemokines: IL-8RA binds IL-8 exclusively, whereas IL-8RB binds both IL-8 
and GRO-a with high affinity and NAP-2 with lesser affinity (177). Both 
receptors are seven transmembrane domains spanning, G-protein-Iinked 
receptors (see chapter 1.1). 

TNF-a and TNFR 
The TNF-a gene is expressed rapidly and transiently upon stimulation 

(178). TNF-a protein is produced as a pro-form containing a signal anchor 
domain, which enables expression as a biologically active type II membrane 
protein (i.e. the carboxyl terminus is expressed extracellularly) (1 to 2 % of 
TNF-a is membrane-bound) (179). Maturation of TNF-a involves cleavage of 
an atypical propeptide of 76 residues by a matrix metalloprotease, and the 
formation of a homotrimer of TNF-a monomers (M,: 52-kDa). Note that 
monomeric TNF-a is not biologically active. The biological properties of TNF­
a share remarkable similarities to those of IL-l, and both are primary cytoki­
nes. Moreover, IL-l and TNF-a often act synergistically (134). TNF-a may 
also affect IL-l responses as it enhances the release of IL-l RII by neutrophils 
(180). 

There are two receptors for TNF: TNFRI (M,: 55-kDa, CD120a) and TNFRII 
(M,: 75-kDa, CD120b). Both receptors bind TNF-a and TNF-I3, are active in 
signal transduction and are responsible for nonredundant TNF activities 
(181). Keratinocytes predominantly express TNFRI (182) and most immu­
nomodulatory effects of TNF-a (e.g. on keratinocytes and fibroblasts) are 
mediated by this receptor. Both types of receptors are shed either by protein 
kinase C dependent proteolysis (induced by PMA) or by protein kinase C 
independent proteolysis (induced by IL-l and IL-4) (183,184). Receptor 
shedding and TNF-a processing may be coordinately regulated as both 
processes involve a similar enzyme (21). Receptor crosslinking by the TNF 
trimer is important for signal transduction. The signal transduction of TNF-a 
appears to be strikingly similar to that of IL-l (134). 
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1.2 SKIN, AN ACTIVE SITE OF IMMUNE RESPONSES 

The human integument, the principal interface between host and environ­
ment, is an active immunological microenvironment and often the site of 
inflammatory or allergic responses to external agents (185). 

1.2.1 Cellular constituents 
The skin, composed of epidermis, dermis and subcutaneous fat, contains 

a large number and variety of resident and recirculating cells (186). The 
cellular constituents of the epidermal compartment comprise predominantly 
keratinocytes, but also some melanocytes, Merkel cells, Langerhans cells, 
macrophages and T cells (186). The dermal compartment contains fibro­
blasts, endothelial cells, mast cells, dendrocytes, macrophages, T cells, 
(some) B cells, natural killer cells, granulocytes, neuronal and glandular cells, 
whereas the subcutis contains fat cells, some endothelial cells and glandular 
cells. All these cells are in principal immunologically competent. 
A more detailed description of the most predominant skin cells is given 
below. 

Resident cells 
Resident keratinocytes are responsible for production and maintenance of 

the epidermal barrier. The human keratinocyte stem cell population is 
contained within the basally located P1 integrin+ (CD29), P4 integrin+ 
(CD104), K1- and K10- population of keratinocytes of which 95 % is in the 
Go phase of the cell cycle (187). Progeny of these stem cells may give rise 
to a highly proliferative population (P1 +, K1/K10+) which have committed to 
differentiation (K1/K 1 0 expression) but transiently amplify before they 
become terminally differentiated (pr, K 11K 10 +). As keratinocytes differen­
tiate, they produce different patterns of intermediate filament proteins (e.g. 
keratins and tonofilaments), enzymes (e.g. transglutaminasel, and structural 
proteins (e.g. involucrin and loricrin) that lead to the formation of cornified 
cells. Terminal differentiation may be considered as a specialized form of the 
apoptotic program to serve skin-specific functions (e.g. the squamous 
product provides the skin biochemical and physical integrity) (188). The 
proto-oncogene B cell lymphoma 2 (BCL-2), a major anti-apoptotic protein, is 
found in basal keratinocytes and its expression is lost during differentiation 
(188). Triggers for the induction of apoptosis in differentiating epidermis may 
include the withdrawal of proliferation-inducing cytokines (e.g. IL-1 or TGF-o:) 
or the presence of proliferation-inhibiting cytokines (TGF-P) (188,189). 

Human keratinocytes seem to control T cell activation by the expression 
of major histocompatibility complex (MHC) molecules, costimulatory molecu­
les and cytokines (190). Keratinocytes differ from the classical bone marrow­
derived antigen presenting cells (APCs), such as macrophages and Langer­
hans cells. These differences are presented in Table II. 
First, keratinocytes only express MHC class II antigens when activated (after 
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exposure to T cell IFN-y). 
Second, keratinocytes lack or express only low levels of the non-polymorphic 
class II-associated invariant chain (Ii, CD74), which is intimately involved in 
processing, transport and peptide presentation of MHC class II molecules. 
This may explain the observation that keratinocytes fail to induce a signifi­
cant allogeneic T cell proliferative response (191), but are able to induce a 
vigorous autologous T cell proliferation in the presence of stimuli which 
provide a T cell receptor (TCR)-mediated signal (such as phytohemagglutinin 
(PHA), bacterial-derived superantigens, or immobilized anti-CD3 monoclonal 
antibody) (192). 
Third, keratinocytes lack the B7-1 (CD80) and B7-2 (CD86) costimulatory 
molecules, but do express the B7-3 (BB-1) molecule (1 93, 194). The B7-1 
and B7-2 molecules, expressed by classical APC, bind to the T cell CD28 
molecule which results in a unique signal-transduction pathway that syner­
gistically interacts with TCR/CD3 receptor stimulation to produce maximum 
cell proliferation and cytokine secretion (195). Moreover, the presence or 
absence of B7-1 on APC was observed to dictate whether T helper cell type 
1 (TH1)-type cytokines (e.g. IL-2, IFN-y) or TH2-type cytokines (e.g. IL-4, IL-
5, IL-10) are produced, respectively (196). In contrast, B7-3 binding to CD28 
may represent a nonactivating signal resulting in a functional state of anergy, 
which could explain the tolerogenic capacity of keratinocytes with nominal 
antigen (197). Nickoloff et al. even speculated that keratinocyte B7-3 may 
actually trigger antigen-specific apoptosis (190). 
Finally, keratinocyte-supported T cell cultures produce relatively low amounts 
of IFN-y (194). The IL-12 dependence of IFN-y production (198), together 
with the observation that keratinocytes produce no or only minute quantities 
of IL-12 (the inducible 40-kDa chain was barely detectable in activated 
keratinocytes) (199), explain the lack of keratinocytes to induce IFN-y 
production. Moreover, IL-1 P derived from the classical APC is required for IL-
12 to induce IFN-y production (200,201), whereas IL-1 a derived from kerati­
nocytes favors the generation of T H2-type cytokines (202). Presentation of 
superantigens by keratinocytes to autologous T cells results in the generation 
of the T H2-type cytokines IL-4, IL-5 and IL-10, but not the T H 1-type cytokine 
IFN-y (199). This situation is reversed with the use of classical APC, which 
are potent producers of IL-12. It should be noted that both types of APC 
induce the production of the T H 1-type cytokine IL-2 (199,203). 

Thus, the expression and conformation of the MHC class II molecules, the 
nature of the costimulatory pathway and the profile of cytokines produced 
make keratinocytes unique APC when compared to Langerhans cells and 
macrophages with respect to the quantity and quality of the T cell response 
(Table 11). 

Fibroblasts are responsible for the production and maintenance of the 
connective tissue matrix. Fibroblasts or even connective tissue-derived small 
molecular weight material support the growth of human keratinocytes in 
vitro (204,205). For instance, human dermal fibroblasts are able to produce 
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IL-1, IL-6 and IL-8 (206-208) which are not only actively involved in inflam­
mation but are also mitogenic for epidermal cells (209-211). Fibroblasts may 
also affect shape, movement and state of activation of cells via the producti­
on of extracellular matrix proteins (212,213). These proteins play prominent 
roles in the homing of inflammatory cells and the sequestration of cytokines 
(e.g. IL-8). Fibroblasts and endothelial cells may, by virtue of their capacity 
to function as accessory cells and/or APC, selectively affect the transmigrati­
on and function of T cell subsets (214,215). 

Table II. Antigen presenting capacity of human keratlnocytes.a 

MHC class" 87 molecules 
Ii chainb 

Production of cytoklnes Allogeneic 
response 

KC' 
LC' 
M.' 

+ 
+ 

123 

+ 
+ + 1 
+ + 1 

a See text for details and references, 

IL-la: IL-1Jl IL-10 IL-12 

++ 
+ ++ 
+ ++ 

+ 
+ 

+ + 

b MHC class lI·assoclated Invariant chain (Ii, C074). 
e Abbreviations: KC, kerotinocyte; le, langerhans cell; Mf, macrophage. 

Recirculating cells 

+ 
+ 

Autologous 
response 

Tolerogenlc Generation of 
effect T H l-type 

cytokines 

+ 
+ 
+ 

Extravasation and skin-infiltration of leukocytes involve a multistep cas­
cade: 
1) initial 'rolling' of leukocytes on the endothelium via selectin-mediated 

interactions; 
2) activation of leukocyte integrins (leukocyte function-associated antigen-1 

(LFA-1), MAC-1 and very late activation antigen 4 (VLA-4)) by chemoki­
nes or divalent cations, resulting in high-affinity ligand binding and strong 
adhesion; and 

3) emigration of the leukocyte in response to chemokine gradients (216). 
Properties and functions of epidermal APC are given in Table II. In normal 

skin, only one type of epidermal APC predominates: the human leukocyte 
antigen (HLA)-DR+, CD1a+, FcyR+ and C3R+ Langerhans cell (217,218). 
Langerhans cells are in fact sentinel dendrocytes that are designed to 
perceive local damage (219). Activated Langerhans cells mature into potent 
immunostimulatory dendrocytes and migrate into draining lymph nodes 
where they contact naive T cells and initiate a primary immune response 
(220). Cytokines control maturation and migration as they, at least in part, 
result in extensive remodeling of the cell surface. GM-CSF, alone or in 
synergy with IL-1, IL-4 or TNF-a, mediates maturation (accompanied by 
upregulation of MHC molecules, B7-1, ICAM-1, LFA-3, and CD40 as well as 
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downregulation of CD32 and F4/80) (219,220), whereas TNF-Ct mediates 
migration (downregulation of E-cadherin) (221). An important dermal APC is 
the dermal dendrocyte, which can be distinguished from other dendritic cells 
of the skin by their expression of clotting factor Xilia (222). These cells may 
locally contact memory T cells, which circulate through the skin (220). 

A unique set of skin-seeking T cells is selectively recruited into the skin 
via the interaction between cutaneous lymphocyte-associated antigen (CLA, 
a sialylated carbohydrate) and E-selectin on endothelial cells (223). Moreo­
ver, VLA-3 + and VLA-4 + T cells preferentially home to skin as they are able 
to adhere to epiligrin, a basement membrane component, and dermal fibro­
nectin, respectively (224,225). The expression of CLA and other specific 
adhesion molecules by skin-homing T cells suggested that selective recruit­
ment of resting T cells precedes their activation and proliferation within the 
skin (190). Variable gene region (V)P2 and Vp6 positive TCRs are characte­
ristic of T cells that convey immunosurveillance in skin tissue (226). 

1.2.2 Cutaneous inflammation 
A general consequence of most, if not all agents that trigger cutaneous 

inflammation (e.g. microbial agents, allergens which may exist in association 
with toxic molecules, wounding, ultraviolet irradiation etc.) is damage of skin 
tissue (227,228). IL-1, released by dying keratinocytes, is sufficient to 
induce inflammation, as mentioned in chapter 1.1.1 (relevant in vivo proof is 
provided by IL-1 gene-manipulated mice and intradermal injections of IL-1 in 
humans). IL-1 mediates inflammation via induction/upregulation of: i) adhesi­
on molecule expression on keratinocytes (ICAM-1), fibroblasts (ICAM-1) and 
endothelial cells (E-selectin, ICAM-1 and vascular cell adhesion molecule-1 
(VCAM-1)) (229,230); ii) cytokine production (lL-1 through IL-8, TNF-Ct and 
CSFs) by skin cells; and iii) proliferation, migration and activation of skin cells 
(134). 

Adhesion molecules and chemokines selectively recruit leukocytes into the 
skin. Chemokines, all of which are induced by IL-1 in vitro, are trapped by 
glycosaminoglycans (e.g. heparan sulphate) which enables the guidance of 
leukocytes towards the original site of injury (i.e. the original site of IL-1 
release). IL-1-induced synthesis of leukotrienes (e.g. by mast cells and 
keratinocytes) are also reported to stimulate keratinocyte proliferation, 
activate endothelial cells and act as chemoattractants for leukocytes (134, 
231 ). 

The inflammatory response amplifies and is maintained, as a result of the 
reinforcing nature of inflammatory cytokines, the accumulation of macrop­
hages, T cells and neutrophils, the release of enzymes, eicosanoids, oxygen 
radicals and nitric oxide from the attracted cells, and the activation of 
complement. IL-1 is at least in part involved in these processes as this 
cytokine induces the generation of inflammatory mediators such as eicosa­
noids, reactive oxygen intermediates and nitric oxide (134). During the 
amplification phase skin-infiltrating CLA + T cells interact with resident cells 
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(e.g. endothelial cells, fibroblasts and keratinocytes, (epi)dermal macropha­
ges and dendrocytes) which results in bidirectional cellular activation affec­
ting phenotype and function (e.g. cytokine production) of the interacting 
cells. In addition, the interaction of T cells with extracellular matrix compo­
nents may lead to persistent cytokine production (232). It is important to 
note that an antigen-dependent component cannot be excluded during the 
amplification phase of the cutaneous inflammatory response, whereas the 
initiation of inflammation may in principle be antigen-independent (see 
above). Exogenously acquired antigen(s) or a modified endogenously-derived 
antigen(s) drives the selective expansion of T cells. Antigen presentation by 
classical APC will result in the generation of T H 1-type cytokines .(in part 
depending on IL-1 [} production, see chapter 1.2.1). In addition, damaged 
keratinocytes activate Langerhans cells (219). Langerhans cell activation 
may occur through an altered pattern of surface glycoproteins expressed by 
sublethally injured keratinocytes; through IL-1 (e.g. released by necrotic 
keratinocytes) and other (secondary) cytokines such as IL-6, IL-12, TNF-a 
and GM-CSF; or through apoptotic keratinocytes as a potential source of 
(auto)antigen (233,234) in the presence of free oxygen radicals (235). 
Langerhans cells mature and migrate into draining lymph nodes (controlled by 
cytokines such as IL-1, TNF-a and GM-CSFL where they activate naive, 
antigen-specific T cells which may furthermore contribute to the local 
inflammatory response (220). 

During inflammation, the activation of effector leukocytes (e.g. macrop­
hages, neutrophils, T cells, B cells and NK cells) ultimately results in the 
removal of damaged tissue, and the release of several cytokines (e.g. IL-1, 
IL-6, IL-8, TGF-a and IFN-y) which induce keratinocyte proliferation that 
finally leads to the formation of new skin tissue (209-211,236,237). Control 
of local inflammation is of vital importance to prevent pathological tissue 
destruction and spreading of the inflammatory response to other sites of the 
body. Normally, the (auto)immune response is self-limiting and cutaneous 
inflammation resolves as a consequence of activated downregulatory 
pathways of inflammation. 
First of all, initiators of the inflammatory response (e.g. primary cytokines, 
most notably IL-1) control inflammation, at least in part, through negative­
feedback loops, which are inherent to the tight regulation of cytokine 
activity. For example, IL-1 induces glucocorticoids, prostaglandins, TGF-[} 
and T H2-type cytokines, which are all potent inhibitors of cytokine producti­
on (134,202). Glucocorticoids, prostaglandins and T H2-type cytokines 
display an inhibiting effect on the IL-1 system and on the expression of 
secondary cytokines (see chapters 1.1.1 and 1.1.2) (163,238). Moreover, 
secondary cytokines themselves (e.g. IL-6 and chemokines) can display anti­
inflammatory properties (see chapter 1.1.2). In addition, IL-1 downregulates 
the IL-1 and TNF receptors, and induces oxygen scavengers (134). Cytokine 
binding proteins (soluble cytokine receptors and anti-cytokine autoantibo­
dies), which may antagonize cytokine activity, are also upregulated during 
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the inflammatory response. Furthermore, IFN-y, another primary cytokine, 
negatively affects the IL-1 activity by downregulating the production of IL-1-
induced IL-1 by mononuclear cells (239) and upregulating the expression and 
shedding of keratinocyte IL-1 RII (87). It is important to note that in general 
the anti-inflammatory activities of cytokines are expressed at lower concen­
trations and with delayed kinetics (requiring the induction of intermediate 
genes) when compared to the inflammatory activities of cytokines, resulting 
in an efficient control of inflammation (134). 
Second, apoptosis eliminates resident (target) cells and effector leukocytes. 
For instance, IFN-y upregulates the expression of FAS by keratinocytes which 
may undergo apoptosis after interacting with FAS ligand + T cells (240). The 
FAS system is also thought to be involved in the clonal deletion of locally 
activated autoreactive T cells (241). Apoptosis of macrophages is enhanced 
by IL-4 (another downregulatory effect of a T H2-type cytokine) (242) and 
suppressed by IL-113, TNF-a, IFN-y and CSFs (243,244), whereas apoptosis 
of neutrophils is enhanced by TNF-a and suppressed by CSFs and C5a (244). 
Apoptosis results in clearance of cells by phagocytosis without release of the 
cellular contents (i.e. not eliciting an inflammatory response), which is of 
paramount importance for the cessation of inflammation. Cytokines such as 
IL-113, TNF-a and IFN-y were observed to potentiate the removal of apoptotic 
neutrophils (245). 
Third, keratinocytes are thought to playa role in peripheral tolerance to self­
antigens, possibly via keratinocyte B7-3 and the induction of T H2-type 
cytokines (which may in part depend on keratinocyte IL-1 a) (see chapter 
1.2.1 ). 

Table III. IL-1 In cutaneous Inflammation. 

Initiation 
- Induction/upregulation of adhesion molecule expression (lCAM-l on keratinocytes, 

fibroblasts and endothelial cells, and E-selectin and VCAM-l on endothelial cells). 
- Induction/upregulation of cytokine production (e.g. IL-l through IL-S, TNF-a and CSFs). 
- Induction of proliferation of keratinocytes and fibroblasts. 

Amplification 
- IL-12-induced generation of T H l-type cytokines (dependent upon IL-1 P). 
- Induction of synthesis of eicosanoids, reactive oxygen intermediates and nitric oxide. 
- Suppression of apoptosis of macrophages. 
- Activation/maturation of Langerhans cells. 

Downregulation 
- Induction of TH2-type cytokines (via IL-la). 
- Induction of anti-inflammatory cytokines (e.g. TGF-P). 
- Downregulation of IL-l Rand TNFR. 
- Induction of glucocorticoids and PGE2. 
- Induction of oxygen scavengers. 
- Repair of skin tissue. 
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Finally, repair of skin tissue (i.e. decrease of activation signals) results in a 
decrease of IL-1 release and IL-1-dependent cascades of events. In addition, 
the concomitant decrease of dendritic cell activation and maturation together 
with the influx of new dendritic cell precursors into the repaired skin force 
the system back into tolerance mode (219). Furthermore, activated natural 
killer cells (via tissue injury) may downregulate antigen presenting dendritic 
cells. 

Taken together, keratinocyte-derived IL-1 is integrally involved in the 
initiation, and amplification as well as cessation of local cutaneous inflamma­
tion, as illustrated in Table III. 

1.3 DYSREGULATED CELLULAR CROSS-TALK IN PSORIASIS 

Cellular immunopathologic mechanisms may initiate and/or mediate psoria­
sis, as is suggested by the following. 
1) acquisition or disappearance of psoriasis after bone marrow transplantati­

on (246,247); 
2) appearance of skin-infiltrating monocytes and T cells is one of the earliest 

events in the pathologic changes occurring in psoriasis (248,249); 
3) HLA associations with (subtypes of) psoriasis (e.g. B13, B17, Cw6 and 

DR7) (250); 
4) triggering of psoriasis by microbial agents (e.g. streptococci and human 

immunodeficiency virus) (251,252); 
5) appearance of psoriasis upon administration of IL-2 and IFN-y (253,254); 
6) sensitivity of psoriasis to T cell-selective immunosuppressive agents such 

as anti-CD3 or CD4 monoclonal antibodies (255,256) or a Iymphocyte­
selective toxin composed of IL-2 and fragments of diphtheria toxin (257); 

7) overstimulated crosstalk between T cells and epidermal cells in lesional 
psoriatic skin (258-261); 

B) an altered expression of IL-1 and IL-1 system-related cytokines and their 
receptors in psoriatic plaques (see below and chapter 1.3.2); and 

9) the activation state of skin cells (e.g. production of cytokines) are the 
target of several effective anti-psoriatic therapies (262). 
To date, there is no validated animal model for psoriasis. However, the 

flaky skin mouse, a spontaneous autosomal recessive mutation, shows a 
high degree of correlation between skin pathology (i.e. epidermal abnormali­
ties and a prominent inflammatory cell infiltrate) and human psoriasis, and 
may represent a naturally occurring analog to at least one variety of psoriasis 
(263,264). Moreover, only recently the intriguing observation was made that 
mice overexpressing epidermal 131 integrin also expressed a phenotype 
accurately resembling human psoriasis (265). In addition, gene-manipulated 
mice underscore the pathogenic relevance of cytokines and their receptors in 
psoriasis. Overexpression of transgenes targeted to the epidermis (e.g. TGF­
cr, keratinocyte growth factor (KG F), IL-6 and dominant-negative mutants of 
KGFR and FGFR) as well as deficiency of genes (e.g. IGF-1, IGF-2, IGF-1 R) 
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demonstrated moderate to severe abnormalities in epidermal proliferation 
and/or differentiation (266-270, and Gottlieb AB, oral presentation, Psoriasis 
Meeting, Dec 4-5 1995, Lake Buena Vista, FL). These studies stress that the 
aberrant expression of a single cytokine(receptor), being inherent to epider­
mal cell proliferation under physiological conditions, may lead to epidermal 
alterations but does not exert direct proinflammatory actions. Epidermal 
overexpression of IL-1 agonists (e.g. IL-1 a and IL-1 RI), however, induced 
scaly inflammatory skin lesions with marked erythema, crusting and psoria­
sis-like histological features such as hyperkeratosis and a dense dermal 
inflammatory infiltrate (see chapter 1.1.1 on IL-1 biology and refs 137,271). 

Lesional psoriatic skin 
The human cellular pathology in psoriasis, with special focus on cytokine­

based intercellular communication is reviewed. Alterations in intracellular 
signal transduction and in the synthesis of arachidonic acid-derived mediators 
in psoriatic epidermis, often a measure of the cellular activation state, are 
thoroughly reviewed elsewhere (231,272). In addition, epidermal changes 
regarding mast cells and the expression of neuropeptides, which may 
contribute to the neuronal element implicated in the pathogenesis of psoriasis 
are described by others (273-275). 

K eratinaeytes 
Lesional psoriatic keratinocytes are hyperproliferative (276). The hyperpro­

liferative defect is localized to the P 1 and P4 +, K 1 /K 10- stem cell population 
(187). Terminal differentiation is accelerated. The proliferation- and diffe­
rentiation-related alterations constitute a phenotype of regenerative epider­
mal maturation (similar to that in wound healing) (277). Most notably, the 
expression of Ki67, K16, B7-3 and the a3, a5 and a6 integrins are increased 
and there is no expression of filaggrin (278,279, and Gottlieb AB, oral 
presentation, Psoriasis Meeting, Dec 4-5 1995, Lake Buena Vista, FL). 
Lesional psoriatic keratinocytes also display an altered expression of inflam­
mation-associated enzymes such as skin-derived anti-leukoproteinase 
(SKALP) and manganese superoxide dismutase (280,281). The expression of 
MHC class II molecules, ICAM-1 and IFN-y-inducible protein-1 ° (yiP-10) on 
psoriatic keratinocytes, in contrast to normal keratinocytes, implies in vivo 
exposure to T cell IFN-y (282-284). Adhesion of T cells and neutrophils to 
lesional psoriatic epidermis is increased when compared to normal skin, and 
most pronounced in areas of maximum ICAM-1 expression (285). Furthermo­
re, apoptosis may also be altered in psoriatic epidermis, as suggested by 
aberrant expressions of BCL proteins in basal keratinocytes (286,287). 

Cytokine abnormalities of psoriatic keratinocytes in vivo comprise a dysre­
gulated expression of IL-1 (see chapter 1.3.2) and an increased expression of 
IL-6, IL-8, GRO-a, MCP-1, TGF-a and VEGF (210,288-292), Psoriatic 
keratinocytes overexpress IL-6R, EGF/TGF-aR and IGF-1R, and show an 
decreased expression of IFN-yR (293-296). Lesional psoriatic skin cells (with 
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no distinction made between different cell types) also express increased 
levels of IL-8R (297). Furthermore, lesional psoriatic keratinocytes in vitro 
demonstrated both an altered response to cytokines (e.g. less inhibition of 
cell growth on stimulation with IFN-y and a decreased proliferative response 
to IL-6) (298-300) and an enhanced production of cytokines (e.g. IL-6, IL-8 
and TGF-a) (210,299,301). Moreover, cytokines (e.g. IL-1) released by 
primary ex vivo cultures of lesional psoriatic, but not normal, epidermal cells 
potentiate T cell activation (261). 

Fibroblasts 
Psoriatic fibroblasts display a hyperactive state in vitro. These cells 

produce elevated amounts of extracellular matrix proteins (e.g. fibronectin 
and tenascin), superoxide anion, PDGF-8B and IL-11l, express elevated levels 
of surface proteases (e.g. exoaminopeptidases and dipeptidylpeptidase IV) 
and PDGFRIl, and show an altered proliferative response to serum factors, 
growth factors and several therapeutics (302-309). In addition, fibroblasts 
are a potential source for the locally produced IL-6 in psoriasis (310,311). 
Lesional fibroblasts also express elflvated levels of PDGFRIl in vivo, and 
show an increased biological response to PDGF in vitro (312,313). 

Transplantation experiments using athymic nude mice showed that 
psoriatic keratinocytes need to be in contiguity with the underlying dermis to 
maintain epidermal hyperplasia in vivo (314). In line with this observation are 
the recent findings that full-thickness human psoriatic plaque skin grafts to 
severe combined immunodeficiency mice as well as skin grafts from flaky 
skin mice to nude mice maintained their psoriatic phenotype (315,316). 
Moreover, Saiag and colleagues found that upper dermal fibroblasts from 
psoriatic patients cultured in a collagen lattice induced hyperproliferation in 
normal epidermal biopsies (317). These studies suggest the involvement of 
fibroblast-derived cytokines (e.g. IL-11l, IL-6 and PDGF) in the pathogenesis 
of psoriasis. 

Endothelial cells 
Papillary dermal microvascular endothelium in psoriasis is activated, as 

illustrated by increased tortuosity, dilatation, permeability and angiogenesis 
(318-320). In addition, dermal endothelia in psoriatic plaques, but not in 
uninvolved psoriatic or normal control skin allow specific binding of CD4 + T 
cells as a consequence of increased expression of ICAM-1 and E-selectin 
(321-323). In psoriasis, VCAM-1, endoglin, TNF-a, TNFR, PDGFRIl and 
VEGFR are also upregulated on dermal endothelium (182,292,312,324,325). 
In addition, adhesion molecules on psoriatic endothelial cells have been 
shown to be less sensitive to the downregulatory effects of TGF-1l1 (326). 

Classical APC 
The number and function of epidermal (non-Langerhans cell) APC are 

increased in psoriatic lesions (327). These bone marrow-derived CD1 a- and 
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HLA-DR+ cells express macrophage markers (e.g. CD36), adhesion molecu­
les (e.g. LFA-1, LFA-2, LFA-3 and ICAM-1) and membrane-associated IL-1, 
and possess an elevated ability to present alloantigen and to stimulate 
autologous T cells in the absence of exogenous antigen (327-329). Psoriatic 
dermis harbors increased numbers of Langerhans cells showing a phenotype 
which is consistent with migration (282,330). The number of another 
dendritic cell type (being positive for HLA-DR, LFA-1, B7 and factor Xilia 
molecules) is also increased in psoriatic dermis and is often observed in 
direct apposition to T cells (203,331,332). Moreover, dermal dendrocytes 
isolated from lesional psoriatic skin are much more potent stimulators of T 
cell proliferation and generation of T H 1-type cytokines relative to normal skin 
or peripheral blood-derived dendritic cells (203). Macrophages, often located 
directly beneath and lining the border between epidermis and dermis in 
lesional psoriatic skin (333), also show an activated state as evidenced by an 
increased expression of IL-6 and TNF-ct (334,335). In addition, peripheral 
monocytes from psoriatic patients release increased levels of IL-6, TNF-ct and 
GM-CSF, and activate neutrophils more efficiently when compared to normal 
monocytes (335,336). Patients with severe psoriasis even show elevated 
serum levels of IL-6 (335). 

T cells 
The number of T cells present in lesional psoriatic skin is increased. These 

cells primarily express the activated memory cell phenotype (e.g. HLA-DR+, 
IL-2R +, CD45RO +, CLA +, LFA-1 +, ICAM-1 +, VLA-4 + and CDw60 +) 
(248,258,328,337-339). In the dermis of early and developed lesions, CD4 + 
T cells are predominant, whereas in spontaneously resolving lesions dermal 
CD8+ T cells become more prominent (340,341). Analysis of TCR usage by 
T cells in psoriatic plaques in vivo revealed that Vp3 and Vp13.1 were 
predominantly used by intra-epidermal CD8 + T cells, whereas VP2 and Vp6 
dominate dermal T cell infiltrates (of which the CD4/CD8 phenotype was not 
determined) (226,342,343). Furthermore, sequence analysis of the junctional 
complementarity-determining region 3 motifs revealed a marked TCR oligo­
clonality in psoriatic lesions (226,343). 

The cytokine network of psoriatic plaques in vivo is primarily dominated 
by T H 1-type cytokines (lL-2, IL-5 and IFN-y, but no IL-4 or IL-10) 
(322,344,345). Cytokines released by lesional skin-derived T cell clones 
induce proliferation, activation and a 'psoriatic phenotype' in cultured 
keratinocytes (258-260). These T cell clones (predominantly of the CD4 
phenotype) primarily secrete T H 1-type cytokines, but also secrete IL-4, in a 
minority of clones, and express IL-5 mRNA (344-346). To date there is no 
consensus on the predominant phenotype of T cells (CD4 + versus CDB + 
cells) present in active lesional epidermis (257,347), and of T cell clones 
producing keratinocyte clonal growth stimulatory cytokines (260,346). 

When analyzing the peripheral compartment, psoriatic T cells display 
augmented binding to normal endothelium as compared with normal controls 
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(348). CD3-triggered peripheral T cell proliferation is decreased in psoriatic 
individuals when compared to normal subjects, but is enhanced by extracel­
lular matrix components (349). In peripheral blood of psoriatic patients signs 
of T cell activation have been observed, such as an increased number of 
activated T cells, and elevated levels of IFN-y, sIL-2R, sCD8 and sICAM-1 
(328,350-353). 

Neutrophlls 
Active psoriatic tissue reactions are characterized by the presence of 

intra-epidermal neutrophils (354). Peripheral blood neutrophils of psoriatic 
patients demonstrate an enhanced cellular activation, as these cells express 
increased levels of IL-8R (355) and show enhanced antibody-dependent cell­
mediated cytotoxicity, respiratory burst and chemotaxis (356-358). 

Non-Iesional psoriatic skin 
It is important to realize that non-Iesional psoriatic skin is not normal. Non­

lesional skin shows enhanced epidermal proliferation, biochemical and 
enzymatic alterations of the epidermis, dilated capillaries and a variable 
degree of leukocyte infiltration relative to normal control skin (337). Non­
lesional psoriatic skin cells appear to be primed for leukocyte adherence, as 
suggested by increased expression of adhesion molecules (131 integrin on 
keratinocytes, and E-selectin, ICAM-1 and VCAM-1 on endothelial cells) 
(322,359). When transplanted onto severe combined immunodeficiency 
mice, non-Iesional psoriatic skin expressed enhanced IL-8 levels and became 
thicker relative to normal skin (315). In vitro cultures of non-Iesional psoriatic 
keratinocytes have also been shown to produce elevated amounts of IL-8 
(301). Using primary ex vivo cultures, T cell cytokines (e.g. IFN-y) induced 
accelerated recruitment of non-Iesional psoriatic stem keratinocytes from 
their quiescent state (Go) into cell cycle relative to normal stem keratinocytes 
(346). Furthermore, of special interest to this thesis are the findings that 
non-Iesional psoriatic skin shows an increased expression of IL-1 ex, IL-113, IL-
6 and IL-6R in vivo (293,322,360) as well as an increased production of 
biologically active IL-1 and IL-6 in organ culture (361). 

We believe that it may prove valuable to subdivide non-Iesional psoriatic 
skin into skin that has never been lesional before and post-Iesional skin. 
Although such a distinction is difficult to make, It may enable the discrimina­
tion between in-born alterations of non-Iesional psoriatic skin and those that 
are the consequence of a former psoriatic response. 

1.3.1 Current view on the immunopathogenesis of psoriasis 
The last few years, some consensus is reached on the view that clonally 

expanded T cells stimulate keratinocytes into a 'regenerative' program which 
is normally activated in response to injury or wounding and gives rise to the 
'psoriatic phenotype' (Krueger JG, oral presentation, Psoriasis Meeting, Dec 
4-5 1995, Lake Buena Vista, FL). Although circumstantial evidence supports 
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an autoimmune basis for psoriasis, at the moment of writing there is no 
identifiable self-antigen. Putative psoriasis-related antigens have been 
described elsewhere (262). Microbial antigens, to which the skin is constant­
ly exposed to, such as bacterial toxins derived from Staphylococcus aureus 
and streptococci, acting as superantigens, mediate T cell activation in at 
least a subset of patients (362,363). Hypothetically, superantigens from 
epicutaneous sources (via physical injury, Koebner phenomenon) or from the 
circulation (via a throat infection with exotoxin C-secreting Streptococcus 
pyogenes) may bind with sufficient affinity to MHC class II molecules on skin 
APC (Langerhans cells, dendrocytes and macrophages) and drive the selecti­
ve expansion of T cell populations (the superantigen-MHC unit is recognized 
primarily by polyclonal TCR Vp chains) (362,364). This may hold true for any 
(auto)antigen. MHC class II binding of superantigens, however, induces the 
release of IL-1P, TNF·a (365) and IL-12 (366) and increases the expression 
of CLA on activated T cells either in the skin, skin-associated lymph nodes 
(via migrated Langerhans cells) or spleen which results in the generation of 
additional skin-recirculating and homing T cells (366). Interaction of T cells 
with dermal dendrocytes may result in the generation of T H l-type cytokines, 
which are characteristic of the in vivo cytokine profile of psoriasis 
(203,322). An alternative hypothesis for inflammation to ensue in the skin of 
psoriatic patients might be an antigen-independent one. In line with such a 
hypothesis is the observation that T cell binding to dermal dendrocytes does 
not necessarily need cognate antigen (220). 

Patients with psoriasis can demonstrate divergent T cell responses (with 
respect to the Vp repertoire), but lesional T cells were found to be oligoclonal 
with respect to the junctional motifs (226,343). This oligoclonal T cell subset 
probably expanded in situ from a few progenitor T cells in response to 
common epitopes on the putative psoriasis antigen. Thus, the contribution of 
(auto)antigen(s) to, at least, the persistence of psoriatic lesions is most 
likely. Sensitization to multiple autoantigens or cryptic epitopes may occur as 
a consequence of chronic inflammation, epidermal hyperplasia and accelera­
ted terminal keratinocyte differentiation (367). Expression of autoantigens by 
the psoriatic keratinocyte may for example result from alterations in (the 
glycosylation of) plasma membrane proteins (368) or from apoptosis 
(233,234). Molecular mimicry between microbial antigens and keratins may 
also contribute to the autoimmune response (369). Persistence of psoriasis is 
likely the consequence of a self·sustaining cycle of T cell-derived cytokines 
that preferentially stimulate psoriatic epidermal stem cells (Pl + and K 1 /K 1 O· 
keratinocytes) to proliferate, and further epidermal potentiation of the T cell 
mediated lesions (370). Transplantation experiments with mice have indica­
ted that the persistence of the psoriatic phenotype is independent of newly 
infiltrating T cells and that other cells such as fibroblasts may be actively 
involved in the maintenance of psoriasis (see chapter 1.3 on fibroblasts). 

Psoriatic lesions can spontaneously resolve, in which dermal CD8 + T cells 
may playa prominent role (340). 
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1.3.2 IL·1 in psoriasis 
An inventory of the dysregulated epidermal expression of Il·l in psoriasis 

is given in Table IV. In short, lesional psoriatic skin, and to a lesser extent 
non·lesional psoriatic skin, showed an increased expression of mRNA for IL· 
113, icll·l ra and slL·l ra (322,360,371,372) when compared to normal 
control skin. Cytosolic extracts of lesional psoriatic keratome specimens 
contained decreased amounts of IL·l a protein 

Table IV. Overview of Il-1 network in psoriatic lesions.a,b 

Type of skin sample 

Cytosolic extract 
Scale extract 
Suction blister fluid 
Biopsy 
Culture 

Type of skin sample 

BiopsyQ 

IL-' " 

mRNA protein 

IR SA 

.. 
t 

IL-' RI 

mRNA protein 

a See text for details and references. 
b Abbreviations: IR, immunoreactivity; BA, biological activity. 

IL-' P 

mRNA protein 

t 

t 

IR SA 

t 
~ 

t' 
t .. 

IL-' RII 

mRNA protein 

t 

IL·' ra 

mRNA protein 

IR SA 

-I-d 

c tIt Indicates increase/decrease of the expression in leslonal samples relative to nonnal control samples; ~ Indicates a 
similar expression In both types of samples; and· Indicates no expression in both types of samples. 

d Ratio between IL-1ra and fL·1a is increased In psoriasis. 
, Intracellular IL-1« staining. A strong membrane staining for IL·1p was obsarved in leslonal psoriatic epidermal ceil 

suspensions. 
f RNA for iclL-1ra and siL-1re Is Increased in psoriaSiS. 
g To date, the only type of psoriatic skin sample analyzed for the expression of Il·1R Is biopsy material. 

but increased amounts of Il-l13 protein (360,373). Moreover, in lesional 
psoriatic cytosolic extracts, the ratio between Il-l ra and IL·l a has been 
found to be increased (371). When aqueous extracts of the stratum corneum 
(scale extracts) were used, it was observed that Il-l a was decreased in 
psoriatic lesions when compared to normal control skin and that Il-113 immu­
noreactivity and IL-l inhibitory activity were barely detectable in both 
lesional psoriatic and normal control skin (374·376). In addition, suction 
blister fluids from lesional psoriatic as well as from normal control skin 
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contained similarly low levels of IL-1u and no IL-1Jl (311). Furthermore, IL-1 
immunohistochemistry revealed either no differences in the expression of IL-
1u and IL-1Jl between lesional psoriatic and normal control epidermis (360), 
a predominantly intracellular IL-1 u staining in lesional psoriatic epidermis 
relative to the predominantly intercellular IL-1 u staining in normal control epi­
dermis (377), or a decreased expression of IL-1 ra in lesional psoriatic 
epidermis (378). Immunofluorescent staining of epidermal cell suspensions 
showed that IL-1 Jl was overexpressed on the plasma membrane and in the 
intracellular compartment of lesional psoriatic epidermal cells (311). Despite 
the before mentioned elevation of IL-1 Jl in lesional psoriatic skin, all bioactivi­
ty was confined to IL-1 u. The non-functionality of IL-1 Jl was not due to lack 
of processing or the co-presence of IL-1 ra (360,374,379). With respect to 
the IL-1 receptors, it was recently observed that the immunohistochemical 
expression of IL-1RII was enhanced in lesional psoriatic epidermis (148). 

Chapter 5 discusses our own findings in relation to the above mentioned 
data on the aberrant expression of IL-1 in psoriatic skin. 

Taken together, the pathological relevance of IL-l to psoriasis is suppor­
ted by the following. 
1) the controlling effects of IL-l on keratinocyte proliferation and differentia­

tion (145,209); 
2) the prominent regulatory role of IL-l in cutaneous immunological respon­

ses, especially the inflammatory response (see chapter 1.2.1); 
3) the transgenic approach which shows that overexpression of IL-l agonists 

induce a psoriasis-like phenotype (see chapter 1.3); 
4) the altered expression of the components of the IL-l system (Table IV); 

and 
5) several effective anti-psoriatic therapeutic modalities (such as retinoids, 

glucocorticoids, ultraviolet irradiation) affect the expression of epidermal 
IL-l in vivo and/or in vitro (373,380-384). 
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Chapter 2 

THESIS 

Recent research provided several arguments that favor the pathological 
relevance of cytokines and cytokine receptors in psoriatic skin (see chapter 
1). This chapter briefly describes the hypothesis, the study design and the 
outline of the thesis. 

2.1 HYPOTHESIS 

The hypothesis, which directed the research presented in the subsequent 
chapters, is formulated as follows. 

The (epi)dermal expression of members of the interleukin-1 (IL-1) system 
and IL-1 system-related cytokines and cytokine receptors is coordinately 
altered and is involved in the initiation and/or maintenance of psoriasis. 

Testing this hypothesis is clinically relevant as the identification of a 
cytokine or a cytokine receptor (or a combination of cytokines andlor 
cytokine receptors) with a prominent role in the pathogenesis of psoriasis 
provides a basis for developing novel, more selective and effective anti­
psoriatic therapies. 

2.2 STUDY DESIGN 

The hypothesis is stated in general terms and therefore needs to be made 
operational (Le. testable). Testing the hypothesis can be subdivided into two 
phases: i) the analysis of the (epi)dermal expression of cytokines and 
cytokine receptors in psoriasis; and ii) the analysis of the relation between 
the expression of cytokines and/or cytokine receptors and the psoriatic 
phenotype (see for a description of this phenotype chapter 1.3). This thesis 
deals with the first phase of hypothesis testing. 

It is important to note that although data from related research was 
available at the start of the study, it provided no clarity as it was inconsis­
tent (see chapter 11. Data interpretation was (and still is) difficult as a conse­
quence of: i) heterogeneity with regard to types of skin samples (see chapter 
1, Table IV) as well as detection techniques; ii) analysis either in vivo or in 
vitro; iii) analysis of only one or a limited number of cytokines; iv) limited 
analysis of cytokine receptors; and v) the use of only one detection techni­
que (Le. analysis of only a single level of expression: mRNA, immunoreactive 
protein or biologically active protein). 

The present study design therefore aimed at an approach that integrated 
several study models and multiple assays to thoroughly analyze the expressi-
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on of multiple cytokines and their receptors simultaneously and at different 
levels of expression in parallel. The study models comprised an in vivo model 
(Le. skin biopsies)' an ex vivo model (Le. freshly isolated epidermal cells and 
non-stimulated, short-term primary cultures of these cells), and an in vitro 
model (i.e. early passages of dermal fibroblast cultures). The latter two 
models enabled monitoring of the synthesis of cytokines and their receptors 
under defined culture conditions. Assays which were set up, optimized and 
used in the different models to analyze the expression of cytokines and their 
receptors are given in Table I. The study design used to analyze the epi­
dermal compartment is somewhat different from the one used to analyze the 
dermal compartment. Both designs are schematically presented in Figures 1 
and 2. 

Table r. Multi-assay approach to analyze the (epildermal expression of cytokines and cytokine 
receptors. a 

Model 

in vivo 

ex vivo 

in vitro 

Cytokine andlor cytokine receptor 

mRNA 

ISH 

RT·PCR 

Northern hybridization 

protein 

IR 

Immunohistochemistry 

Immunocytochemistry 
Flow cytometry 
ELISA 

Immunocytochemistry 
Flow cytometry 
ELISA 

BA 

Bioassays 

Bioassays 

a Abbreviations: BA, biologically active; ELISA, enzyme-linked Immunosorbent-assay; lA, immunoreactive; ISH, In situ 
hybridization; RT·PCR, reverse transcriptase . polymerase chain reaction. 

2.3 OUTLINE OF THE THESIS 

The primary goal was to investigate the expression of cytokines and their 
receptors in psoriatic skin, with special focus on the epidermal IL-l system. 

The epidermal compartment is dealt with in chapter 3. An in-depth 
analysis of the complete epidermal IL-l system in vivo, using samples 
derived from lesional psoriatic, non-Iesional psoriatic as well as normal 
control skin is given in chapter 3.1. The individual members of the IL-l 
system were localized in situ by immunohistochemistry and in situ hybrid­
ization (ISH). These techniques together with reverse transcriptase - polyme-
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I biopsy I 

1
-cytokine (receptor) protein I:~~~ 

immunohistochemistry 
- cytokine (receptor) mRNA 
in situ hybridization 

DNase 
filtering (100 and 30 !lm mesh) epidermis 
trypsin inhibitor I 
,--' --l 

epidermal cell suspension u 
viable cells seeded (10'/ml) 
in basal medium with or without 
a stimulus (e.g. IL-4) 

short-term 
culture (524h) 

supernatants 
secretion of cytokines 
bioassays / ELISA 

freshly isolated 

cells 
- membrane cytokines 

glutaraldehyde fixation 
cytosolic cytokines 
digitonin treatment 
mRNA for cytokine (receptors) 
reverse transcriptase-polymerase 
chain reaction 

Figure 1. Study design to analvze the expression of cytoklnes and cytoklne receptors in the 
epidermal compartment of human skin. This simplified scheme illustrates the study plan and 
techniques used to analyze the expression of cytokines and their receptors in human epidermis 
In vivo and in single epidermal cell suspensions ex vivo. 

65 



Chapter 2 
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supernatants cells cells 
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- counting viable cells - mRNA for cytokines 

northern blotting 
- expression of 

cytokine binding sites 
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Figure 2. Study design to analyze the expression of cytokines and cytoklne receptors in the 
dermal compartment of human skin. This simplified scheme illustrates the study plan and techni­
ques used to analyze the expression of cytokines and their receptor in human dermal fibroblasts 
in vitro. 
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rase chain reaction (RT-PCR) performed on RNA from freshly isolated epider­
mal cells were used in a semi-quantitative manner. This approach enabled 
analysis of the expressions of single IL-l and IL-l receptor (IL-l R) isoforms 
at the mRNA and protein level as well as analysis of the interrelationships 
among the expressions of different IL-l and IL-l R isoforms. In chapter 3.2 an 
ex vivo model is introduced. Bioassays in combination with neutralizing 
antibodies and enzyme-linked immunosorbent assay (ELISA) were used to 
characterize the secretion of IL-l a, IL-l p, IL-6 and tumor necrosis factor-a 
(TNF-a) by lesional psoriatic epidermal cells relative to normal control epi­
dermal cells. Analysis of different cellular compartments before and after 
short-term culture enabled the monitoring of the IL-l synthesis. Further 
studies to reveal whether apoptosis is inherent to the IL-l synthesis by lesio­
nal psoriatic epidermal cells are described in chapter 3.3. DNA fragmentation 
(i.e. a feature of apoptosis), measured by ELISA and lerminal deoxynucleoti­
dyl transferase-mediated deoxygridine triphosphate nick j!nd jabeling 
(TUNEL), was assessed in epidermal cells both in vivo and ex vivo. Kinetic 
studies with epidermal cells ex vivo as well as immunohistochemical stai­
nings were performed to relate apoptosis to IL-l p maturation. Finally, in 
chapter 3.4 the epidermal expression of the IL-4R in psoriasis was analyzed, 
as its ligand may affect the IL-l system. The functionality of this receptor on 
lesional psoriatic epidermal cells was tested by analyzing the IL-4-mediated 
effect on IL-l and IL-6 mRNA levels and protein secretion ex vivo. 

The dermal compartment is dealt with in chapter 4. Chapter 4.1 describes 
an in vitro study in which cultures of lesional psoriatic and normal control 
fibroblasts were used to analyze the secretion of IL-l, IL-6, IL-8 and TNF-a, 
and the expression of their corresponding mRNAs, by bioassays, ELISA and 
Northern hybridization, respectively. Calcium, growth factors, several types 
of sera and cytokines were evaluated for their effect on cytokine production 
by both types of fibroblasts. As cytokine receptors may be involved in 
auto/paracrine induction of cytokines, subsequent studies, described in 
chapter 4.2, were performed to investigate the expression of receptors for 
IL-l, IL-4, IL-6 and TNF-a by lesional psoriatic fibroblasts. The before 
mentioned stimuli were analyzed for their effect on the expression and 
shedding of receptors by both types of fibroblasts using flow cytometry, 
immunocytochemistry and ELISA, respectively. 

Chapter 5 discusses the findings of chapters 3 and 4 in the light of the 
hypothesis. Results of the different models presented in this thesis and 
recent data reported in the literature are integrated. Finally, a scheme is 
presented that illustrates our current view on the pathological relevance of 
the IL-l system and IL-l system-related cytokines in psoriasis. 
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The epidermal IL-1 system in psoriasis 
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Chapter 3.1 

THE IL-l SYSTEM IN PSORIATIC SKIN. 
IL-l antagonist sphere of Influence in lesional psoriatic epidermis.' 

Reno Debets, Joost P. J, J. Hegmans, Paul Croughs, Roger J. J. Troost1, 
Jan-Bas Prins, Robbert Benner and Errol P. Prans. 

Departments of Immunology and Dermatology!, Erasmus University 
Rotterdam and University Hospital Rotferdam-Dijkzigt, The Netherlands. 

ABSTRACT 

The epidermal expression of IL-l is altered in psoriasis, a disease charac­
terized by chronic cutaneous inflammation and keratinocyte hyperproli­
feration. To understand the regulation of IL-l expression in psoriasis, we 
semiquantitatively analyzed the epidermal expression of all currently charac­
terized IL-l isoforms and their receptors in this skin disease. Immunostaining 
of skin sections showed that IL-l u was located in the basal keratinocytes of 
normal control (NN) and non-Iesional psoriatic (PN) epidermis, and that its 
expression was significantly decreased to negligible levels in lesional psoriatic 
(PP) epidermis. IL-l receptor antagonist (fL-l raj and IL-l receptor type II (fL-
1 RII) were both significantly overexpressed in mutually exclusive compart­
ments of PP epidermis, the suprabasal and basal cell layer(s), respectively. A 
significant inverse correlation was found between the expressions of IL-l u 
and these two IL-l antagonists, which may be inherent to the accelerated 
terminal differentiation of the psoriatic keratinocyte. In situ hybridization of 
IL-l and IL-1R mRNAs in corresponding skin sections confirmed the staining 
results. Levels of IL-l ra mRNA, however, were not increased in PP epider­
mis, suggesting that the overexpression of IL-l ra protein is due to enhanced 
post-transcriptional synthesis. The more sensitive PCR demonstrated a clear­
ly increased expression of IL-l/3 mRNA in PP epidermal cells (EC), which may 
contribute to the cutaneous inflammatory response in psoriasis. IL-l RI mRNA 
was clearly present in both PP and NN EC. The mRNA levels of the secreted 
IL-l ra isoform and IL-l RII were elevated in PP EC and paralleled those of IL-
1/3. The up regulated expression of IL-l antagonists may represent a negative­
feedback response to IL-l/3. Taken together, this study shows for the first 
time that the expressions of IL-l and IL-l R isoforms are coordinatedly altered 
in PP epidermis, resulting in a predominance of IL-l antagonists, which 
favors a decreased IL-l responsiveness . 

• Submitted for publication 
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INTRODUCTION 

Interleukin 1 (IL-l) is abundantly present in human epidermis (1) and has 
pleiotropic effects on epithelial cells in vitro (2) and in vivo (3). This cytokine 
influences cutaneous inflammation (4) and the proliferative state of kerati­
nocytes profoundly (5). The epidermal IL-l activity is therefore highly 
regulated. The human epidermal IL-l system comprises agonists, antagonists 
and receptors. The IL-l agonists pro-IL-l a and IL-l a are able to bind to and 
activate the IL-l receptors (lL-l R), and are predominantly retained within the 
keratinocyte (6). Pro-IL-l a and pro-IL-l p differ in the way they are processed 
in that pro-IL-l a is biologically active, whereas pro-IL-l p has minimal 
biological activity (7). Normal keratinocytes do not possess the classical IL­
l P converting enzyme (ICE), and are therefore unable to cleave pro-IL-l p to 
the active mature IL-l p (8). Two splice variants of the IL-l receptor antago­
nist (IL-l raj gene product occur in human keratinocytes, the intracellular 
(icIL-lra) and the secreted (sIL-lra) form. The former, which is the predomi­
nant form, lacks a signal peptide and resides in the cytoplasm of the kerati­
nocyte (9). The iclL-l ra may antagonize intracellular IL-l a by binding to IL­
l R present on the nuclear membrane (10). Two species of IL-l R have been 
characterized (11,12). The type I IL-1R (lL-1RIl is responsible for IL-l­
mediated signaling, whereas the type II IL-l R (lL-l RII) has a short cytoplas­
mic domain and appears to function as a scavenger for IL-l p (13). Both 
types of IL-l R bind all IL-l ligands, but, at least in leukocytes, IL-l RI has the 
highest affinity for IL-l a and IL-l ra binding while IL-l RII has the highest 
affinity for IL-l p binding (14). However, the keratinocyte IL-l RII displays 
similar affinities for both IL-l a and IL-l p (15). Finally, the extracellular 
portions of both types of IL-l R may be shed and then act as IL-l inhibitors 
(16) . 

The pathophysiological relevance of IL-l in psoriasis is evidenced by 
transgenic mice in which epidermal cell (EC)-derived IL-l induced scaly 
inflammatory skin lesions with marked erythema, crusting and psoriasis-like 
histological features such as hyperkeratosis and a dense inflammatory 
infiltrate (1 7). Cooper et al. were one of the first to report an altered expres­
sion of epidermal IL-l a and IL-l p in psoriasis (18). It was observed that IL­
l a protein was considerably decreased in cytosolic extracts of lesional 
psoriatic (PP) skin, whereas IL-l P protein as well as its mRNA were increased 
when compared to normal control (NN) skin (18,19). Despite the elevation of 
IL-l P in PP skin, all bioactivity was confined to intracellular IL-la. We 
recently extended these findings using non-stimulated, short-term primary 
cultures of PP EC (EC ex vivo) which were capable of producing both func­
tionally active IL-la and IL-1P (chapter 3.2). However, levels of IL-la, IL-1P 
and IL-l ra were negligible when using extracts of the stratum corneum or 
blister fluids (20-23) and immunostaining data on the epidermal expression of 
these IL-l isoforms in both PP and NN skin showed considerable variation 
(18,22,24-28). The expression of IL-l in PP epidermis is thus clearly dysre-
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gulated. For a full understanding of the regulation of the epidermal IL-1 
expression in psoriasis, it is essential to determine the expression of all the 
different IL-1 and IL-1 receptor isoforms in parallel, preferably using different 
types of samples and techniques. 

Therefore, in the present study, we semiquantitatively assessed the 
expression of epidermal IL-1 ct, IL-113, IL-1 ra, IL-1 RI and IL-1 RII in both skin 
biopsies and freshly prepared EC suspensions, which closely represent the in 
vivo situation (chapter 3.2, and ref 291. The expressions of IL-1 and IL-1 R 
isoforms were analyzed at the protein and mRNA level using immunohis­
tochemistry, in situ hybridization (ISH) and reverse transcriptase - polymerase 
chain reaction (RT-PCR). In PP epidermis, the expressions of the IL-1 and IL-
1 R isoforms are altered in a coordinated manner, resulting in a predominance 
of IL-1 antagonists. This suggests an effective inhibition of IL-1 responsive­
ness in PP epidermis. 

MATERIALS AND METHODS 

Patients and controls 
The intake of nineteen patients with untreated plaque-type psoriasIs 

(Outpatient Department of Dermatology, Hospital Walcheren, Vlissingen, The 
Netherlands, and University Hospital Rotterdam-Dijkzigt, Rotterdam, The 
Netherlands) was done as described (chapter 3.2). The disease activity, 
severity and extent were expressed as psoriasis area and severity index 
(pASI) scores (30). PP skin was obtained from all patients and non-Iesional 
psoriatic (PN) skin from nine patients. Twelve healthy volunteers undergoing 
abdominal or breast plastic surgery (Sint Franciscus Hospital, Rotterdam) 
served as controls. 

Immunohistochemistry 
Punch biopsies (3 mm) were obtained from PP, PN and NN skin. Serial 6 

I'm cryostat sections were prepared of Tissue-Tek® (Miles Inc., Elkhart, IN) 
embedded biopsies. Sections were air-dried, acetone-fixed, incubated with 
the primary monoclonal antibody (Table I) and stained with the supersensi­
tive alkaline phosphatase kit (Biogenex, San Ramon, CAl using new fuchsin 
(Chroma-Gesellschaft, Klingen, Germany) as the chromogen. Slides were 
counterstained with Mayer's hematoxylin and mounted in glycerol gelatin 
(Merck, Darmstadt, Germany). The negative controls comprised concentrati­
on-matched mouse IgG, (Becton Dickinson, Plymouth, UK) and omitting the 
first and second step. Human lymphoid tissues, such as lymph node and 
thymus, and spins of lipopolysaccharide (LPSl-treated peripheral blood 
mononuclear cells (PBMC) were used as positive controls. The extent and 
intensity of the stainings were semiquantitatively assessed by two of the 
authors (RD and JPJJH). The epidermal reaction was scored on a scale of 0-
4: 0, no reactivity; 1, weak reactivity; 2, moderate reactivity; 3, strong 
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Table I. Antibodies for Immunostalnlng of IL~1 and IL·1R Isofolms In skin. 

IL-1 (R) Antibody8 (protein]b Source 

IL-1 « 1 e12.1 5 Oncogene Science, Inc., Uniondale, NY 

IL-1 P 1886·01 5 Genzyme Corp., Cambridge, MA 

IL-1 ra M5 80 Immunex Corp., Seattle, WA 

IL-1RI M1 20 Immunex Corp. 

IL-1 RII M2 15 Immunex Corp. 

~ All antibodies are of the mouse igG I Isotype. 
b (proteln1ln ).Ig/m!. 

reactivity; and 4, very strong reactivity (modified from ref 31). 

In situ hybridization 

Synthesis of RNA probes 
cDNAs for IL-1 and IL-1 R isoforms were cloned into pBluescriptll KS + 

(Stratagene, La Jolla, CA). The cDNAs are given in Table II. Antisense and 
sense cRNA were synthesized using a digoxigenin RNA labeling kit (Boehrin­
ger Mannheim, Germany). The sizes of the transcripts were analyzed by elec­
trophoresis and subsequently reduced to an average length of 100 base pairs 
(bp) by limited alkaline hydrolysis (32). The labeling efficiency was checked 
by Southern hybridization of the cDNA clones, and the specificity by Nor­
thern hybridization of total cellular RNA extracts of lymphoid cells or cell 
lines. 

In situ hybridization 
ISH and immunostaining were performed on serial sections. Skin sections 

were adhered to slides coated with aminopropyltriethoxysilane (Sigma, St. 
Louis, MO). Sections were immediately fixed in freshly prepared 4 % 
paraformaldehyde in PBS for 10 min at 4°C, permeabilized with 0.5 Ilg/ml 
proteinase K (Boehringer Mannheim) for 10 min at 37°C, and refixed in 4 % 
paraformaldehyde. Subsequently, sections were rinsed with PBS, acetylated 
with acetic anhydride in 0.1 M triethanolamine (pH 8.0) for 10 min at room 
temperature (RT), dehydrated and dried in a vacuum desiccator. Next, 
sections were overlaid with hybridization solution consisting of 300 mM 
NaCI, 20 mM NaH2P04, 2 mM EDTA (pH 7.4), 10 % dextran sulphate, 10 x 
Denhardt's solution, 40 % formamide and 60 U/ml RNA guard (Pharmacia 
LKB, Piscataway, NJ), which was supplemented with a heat-denatured 
mixture of probe (final concentration of 0.3 ng/lll/kb)' 0.1 mg/ml salmon 
sperm DNA and 0.1 mg/ml Escherichia coli transfer RNA. Sections were 
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Table II. Digoxlgenin-Iabeled cRNA probes for ISH of IL-1 and IL-1R Isoform mRNAs In skin. 

IL-l (A) eDNA fragments Source Synthesis of RNA probes8 

antisense sense 

IL-la 0.60 kb EcoAI-Hindlli Biogen, Basel EcoAI1T3 HindlllIT7 
IL-l p 1.30 kb Ps~ Genetics Inst., Cambridge HindlllIT7 B8mHIIT3 
IL-lra 0.47 kb Clal-EcoAV Immunex Corp., Seattle BamHIIT3 CI81IT7 
IL-1AI 0.48 kb Hindlll-EcoAI Immunex Corp., Seattle HindlllIT7 EcoAI1T3 
IL-l All 0.75 kb EcoAI-San Immunex Corp., Seattle EcoAIIT3 S8nIT7 
GAPDH 0.78 kb EcoAIIPsd Dr. F.J. Benham, london PsdIT3 EcoAI1T7 

a The restriction enzyme and the RNA polymerase used to generate the ANA probes are Indicated. 

covered with silanized slips, sealed with rubber cement and incubated for 16-
20 h at 37 "C in a humid chamber. Subsequently, non-hybridized probes 
were removed by four high-stringency washings with 0.01 x standard 
sodium citrate (SSC) at 37 "C. To minimize non-specific background, un­
bound probes were digested with 10 Ilg/ml RNAse A (Boehringer Mannheim) 
for 30 min at 37 "C. Hybridization was on average 30 "C below the calcula­
ted melting temperature, and washing conditions were just slightly below 
this temperature, i.e. optimal conditions for the detection of RNA-RNA 
duplexes (33). 

Immunological detection 
Hybridization signals were detected using sheep anti-digoxigenin Fab 

fragments conjugated with alkaline phosphatase (Boehringer Mannheim, 
diluted 1:800) applied to 0.1 % triton-X-100-treated sections (15 min at RT). 
Nitro Blue Tetrazolium/X-phosphate (Sigma) was used as the substrate. The 
addition of polyvinyl alcohols (Mr: 31-50-kDa, 10 % (m/v), Aldrich Chemical 
Company Inc., Milwaukee) enhanced and localized the enzyme reaction (34). 
Slides were left to develop in the dark for 2-16 h at 37 "C. The reaction was 
stopped in water and slides were mounted. The negative controls comprised 
omission of probe or antibody, hybridization with the sense probe, and 
RNAse (10 mg/ml) treatment for 1 h at 37"C before hybridization. Hybrid­
izations on lymphoid tissues were performed as positive controls. In situ ex­
pression of IL-1 and IL-1 R mRNAs was only evaluated in slides showing no 
hybridization signal with the corresponding sense probe and a positive hy­
bridization signal with the glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) antisense probe which confirmed the preservation of cellular RNA. 
The epidermal ISH findings were ranked to correlate the mRNA expression 
with the protein expression. Ranking was performed as described for immu­
nostaining. 
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Reverse transcriptase - polymerase chain reaction 

RNA isolation and eDNA synthesis 
Split-skin specimens of 10-15 cm2 were obtained from PP and NN skin 

and used to prepare single EC suspensions as reported in chapter 3.2. Total 
cellular RNA was isolated using the guanidine thiocyanate extraction proce­
dure (35). Prior to amplification, the samples were treated with RNAse-free 
DNAse (DNase I, Amplification Grade, GIBCO BRL, Gaithersburg, MD) at a 
final concentration of 1 U/fl9 RNA for 15 min at RT. Samples were reverse­
transcribed into eDNA by incubating 1 fl9 RNA in 20 fll of 50 mM Tris-HCI 
buffer (pH 8.3) supplemented with 10 mM MgCI2, 50 mM KCI, 1 mM 
dithiothreitol (Sigma), 1 mM EDTA, 10 fl9/ml BSA (Fraction V, Boehringer 
Mannheim), 10 flg/ml 0Iigo-d(T)12_18 (Pharmacia LKB), 85 fl9/ml random 
hexamer primers ((dN)6' Pharmacia LKB), 1 mM deoxynucleotide triphospha­
tes (dNTPs, Pharmacia LKB), 1 mM spermidine-HCI, 1125 U/ml RNA guard 
and 250 U/ml avian myeloblastosis virus reverse transcriptase (Promega 
Corp., Madison, WI) for 1 h at 42°C (36). 

Tabla III. Oligonucleotides for PCR amplification and detection of EC-derlved IL-1 and IL-1R 
isoform cDNAs. 

IL-1 IR) Oligonucleotide Sequence (5' to 3') Size of ampllmer8 Reference 

Il-la sense primer CATCGCCAATGACTCAGAGGAAG 469 37 
antisense primer TGCCAAGCACAC~CAGTAGTCTTGCTT 37 
probe CATGGGTGCTTATAAGTCATC 37 

IL-1P sense primer CCAGCTACGAATCTCGGACCACC 667 37 
antisense primer TTAGGAAGACACAAATTGCATGGTGAA 

meAGT 37 
probe CGATCACTGAACTGCACGCTCCGGG 37 

IcIL-1 fa sense primer CAGAAGACCTCCTGTCCTATGAGG 511 9 
antisense primer CTACTCGTCCTCCTGGAAGTAG 9 
probe CCCTCCCCATGGCTTTAG 

s1L-1 fa sense primer GAATGGAAATCTGCAGAGGCCTCCGC 146 9 
antisense primer GAAGGTCTTCTGGTTAACATCCCAG 9 
probe TCACTCTCCTCCTCTTCCTG 

IL-1 RI sense primer TGCCTGAGGTCTTGGAAAAAC 340 38 
antisense primer TGTGGTCCCTGTGTAAAGTCC 38 
probe GCTCTTGTTCAGGATGGAAT 

IL-1 RII sense primer TCCTGCCGTTCATCTCATACC 674 38 
antisense primer TCCATGTGCAAATCCTCTCTT 38 
probe GAGACCATTCCTGTGATCAT 

GAPDH sense primer CCGAGCCACATCGCTCAGACAC 594 39 
antisense primer GGCCATCCACAGTCTTCTGGGT 39 
probe CTTCCAGGAGCGAGATCCCTC 39 

a size of amp!!mer In bp 
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Polymerase chain reaction 
The reaction mixture contained 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 

mM MgCI2, 0.125 mM dNTPs, 335 (.Ig/ml 5' and 3' oligonucleotide primers 
(Table III), 20 U/ml Taq polymerase (Amplitaq, Perkin-Elmer Cetus, Norwalk, 
CT) and 0.1 % gelatine in a total volume of 50 (.II. The oligonucleotides were 
generated with a DNA synthesizer (Applied Biosystems, Forster City, CAl. 
Samples were added to the reaction mixture and amplified in a DNA Thermo­
cycler (Perkin-Elmer Cetus) for 35 cycles. The PCR protocol started with an 
adapted hot start, for 3 min at 94°C, to prevent non-specific primer annea­
ling (40). Each cycle consisted of denaturation for 30 sec at 94°C, annealing 
for 30 sec at 55 °c and extension for 1 min at 72°C . Aliquots of PCR 
products were electrophoresed on 2 % agarose gels and visualized by 
ethidium bromide staining (41). GAPDH was used as an internal control to 
standardize for total cellular mRNA. Serial twofold dilutions of individual 
cDNAs, starting from approximately 5 ng, were amplified using GAPDH 
primers and demonstrated concomitant decreases of amplified products. 
cDNA concentrations were selected which yielded equivalent quantities of 
GAPDH products and fell within the linear range of amplification (42). Each 
experiment included a positive control (cDNA from LPS-treated PBMC) and a 
negative control (RNA that had not been reverse-transcribed or water). 

Radioactive hybridization of PCR product 
Cytokine cDNAs were verified by Southern hybridization. Prior to transfer 

(see ref 41) to Nytran N nylon membranes (Schleicher and Schuell, Dassel, 
Germany), large DNA fragments were nicked by partial hydrolysis. Oligonu­
cleotides to probe PCR products (Table III), being complementary to internal 
sequences of the PCR products, were end-labeled with 32p_yA TP (ICN 
Pharmaceuticals Inc., Irvine, CAl by T4 polynucleotidyl kinase (Pharmacia 
LKB) (41). Blots were hybridized in 6 x SSC, 10 x Denhardt's solution, 1 % 
sodium dodecyl sulphate (SDS) and 50 (.Ig/ml salmon sperm DNA for 18 h at 
55°C (41). Subsequently, blots were rinsed twice for 20 min at RT with 2 x 
SSC and 0.1 % SDS, and exposed to Fuij film. 

Statistical analysis 
Results were analyzed with the Wilcoxon Matched-Pairs Signed-Rank Test 

(PP versus PN samples), the Wilcoxon Rank Sum Test (PP or PN versus NN 
sam~les) and the Spearman's Rank Correlation Coefficient (rs) using STA­
TAT (Computing Resource Center, Los Angeles, CAl. Significant differences 
or correlations are indicated by P values smaller than 0.05. 
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RESULTS 

PP epidermis expresses decreased levels of IL-1", protein 
Immunostaining showed that IL-10: protein was located primarily in the 

intracellular compartment of keratinocytes in the stratum basale of PN and 
NN epidermis (Figs 1 A and C, annex 'Color Plates'). In PP epidermis, its 
expression was significantly decreased to almost negligible levels (PP versus 
PN: P < 0.03, and PP versus NN: P < 0.02) (Fig 1, annex 'Color Plates', 
and Table IV). We were unable to detect epidermal IL-1P immunoreactivity in 
any PP, PN or NN skin sample. Some dermal IL-1 p staining, however, was 
observed. 

Table IV. Interrelated epidermal expression of Il-1 and IL-1R isoforms,a 

ppl> PN NN 
Patrent number Patient number Control number 

1 2 3 4 6 6 7 8 9 1 2 3 4 5 6 7 8 9 1 234 6 6 7 

protein 
IL·la 0 0 Not 0 0 1 NO 1 0 3 0 0 1 1 1 2 2 1 NO 1 1 2 NO 2 1 
IL·tra 3 2 4 2 4 2 2 2 1 NO 0 0 0 0 0 0 1 0 1 0 0 1 o 0 0 
IL·1RII 2 2 2 NO 2 1 0 1 2 1 1 1 0 1 0 0 1 0 1 0 NO 2 NoO 0 

mRNA 
IL·lta 0 0 NO 2 2 0 0 0 0 2 2 2 1 NO NO 0 0 1 NO 1 
IL-1RII 3 3 NoO 2 1 2 2 1 2 0 1 0 NO NO 2 1 2 NO 1 

PASI NO 16 24 26 7 12 7 4 6 

a Serial skin secliollS were analyzed using immunohistochemistry and ISH for the expression of IL-' and [L-lR isoforms 
at the protein and mANA level, respectively. Findings were scored on a 0-4 scale based on the extent and intensity of 
tha Signal. The epidermal Immunostalning for fL·' fl and fl-' RI as well as ISH for Il-1 u, Il-1 Jl and Il-' AI were negligible. 
See text for details. 

b Type of skin (PP, lesional psoriasis; PN, nOll-leslonal psoriasis; and NN, normal control). 
e NO, not done. 

Levels of IL-1ra and IL-1RII protein are Increased in PP epidermis 
Weak staining for IL-1 ra was observed in the suprabasal keratinocytes of 

PN and NN epidermis (Figs 28 and C, annex 'Color Plates'). The expression 
of IL-1 ra was significantly increased supra basally in PP epidermis (PP versus 
PN: P < 0.01, and PP versus NN: P < 0.001) (Fig 2C, annex 'Color Plates', 
and Table IV). In PP skin, some cells in the papillary dermis were also slightly 
positive for IL-1 ra. We were unable to detect positive epidermal staining for 
IL-1 RI in any type of skin sample. Only in PP skin, sporadically a slight 
dermal expression of IL-1 RI was seen. Immunoreactive IL-1 RII, however, was 
detectable in all types of skin samples and its expression was restricted to 
the basal epidermal layer(s} and the dermis. The expression of IL-1RII in PP 
skin samples was increased when compared to the corresponding PN skin 
samples (P < 0.02), and showed a trend of increase when compared to NN 
skin samples (P < 0.1) (Figs 2D-F, annex 'Color PLates', and Table IV). 
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Semiquantitative scores of epidermal IL-1 ra immunoreactivity correlated 
nicely with those of IL-1 RII (r s = 0.71, n = 21, P < 0.0025), whereas IL-
1 a, which was down-regulated in PP skin, correlated inversely with both IL-
1ra (rs = - 0.39, n = 20, P < 0.05) and IL-1RII (rs = - 0.46, n = 19, P < 
0.05). It is of note that the inverse correlations between IL-1a and both IL-
1 ra and IL-1 RII showed the most negative coefficients when analyzing only 
PP samples. 

PP epidermis expresses increased levels of IL-1 RII mRNA, but not IL-1 ra 
mRNA 

ISH of mRNA for the IL-1 and IL-1 R isoforms with digoxigenin-Iabeled 
cRNA probes appeared not sensitive enough for detecting IL-1 a, IL-11l and 
IL-1RI mRNAs in skin sections. Epidermal mRNAs for IL-1ra and IL-1RII, 
however, were readily detectable. IL-1ra mRNA was present in all epidermal 
cell layers and to some extent in the dermis, with the level of expression 
being similar among the different types of skin samples (Fig 3A, annex 'Color 
PLates'). This is in contrast with the IL-1 ra immunostainings (Table IV). IL-
1 RII mRNA was easily detectable in the basal and suprabasal cell layers and 
the dermal compartment of nearly all PN and NN skin samples, but levels 
were increased in PP skin samples (Figs 38-0, annex 'Color PLates'). ISH of 
IL-1 RII mRNA was in line with the corresponding immunostaining, as the 
protein and mRNA scores of IL-1RII correlated well (rs = 0.54, n = 18, P < 
0.025). An overview of the immunostaining and ISH scores of individual pa­
tients is shown in Table IV. 

PP EC display an increased expression of IL-11i, secreted IL-1ra and IL-1RII 
mRNA levels 

The presence of mRNAs for IL-1 and IL-1 R isoforms was more sensitively 
analyzed by RT-PCR performed on total cellular RNA from freshly isolated 
EC. GAPDH-standardized amounts of cDNA from PP EC were on average 4 
times less than those from NN EC, which reflected the enhanced metabolic 
state of PP cells. Unexpectedly, IL-1a mRNA was hardly detectable in any 
EC sample. A second set of primers (kindly provided by Dr. K. Uyemura, Los 
Angeles, CAl and extension of PCR to 45 cycles did not change the results. 
IL-11l mRNA was absent in all 5 NN samples, but clearly detectable in 8 out 
of 10 PP samples (Fig 4). IL-1ra mRNA was present in all samples investiga­
ted. Using different sets of primers to amplify IL-1 ra cDNA, we were able to 
distinguish the iclL-1 ra isoform from the s1L-1 ra form (Table III). iclL-1 ra 
appeared to be the dominant isoform present in EC. All PP and NN samples 
displayed a similar expression of iclL-1ra mRNA, whereas slL-1ra mRNA was 
present in increased amounts in part of the PP samples (Fig 4). The expres­
sion of IL-1 RI mRNA was clear and quite homogeneous among the individual 
NN and PP samples. The amounts of IL-1 RII mRNA varied, especially among 
the PP samples, and were increased in part of the PP samples when compa­
red to NN samples (Fig 4). It is of note that the absence of IL-11l mRNA in PP 
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PPEC NNEC 

Patient no, 10 11 12 13 14 15 16 17 18 19 8 9 10 11 12 

IL-1P 

ie IL-1ra 

s IL-1ra 

IL-1RI 

IL-1R1I 

GAPDH 

PASI 7 7 8 9 6 4 12 3 6 16 

Figure 4. peR analysis of mANAs for IL-l and IL-1R Isoforms In PP EC. cDNAs were synthesi· 
zed from mRNAs isolated from freshly prepared EC suspensions from PP and NN skin specimens. 
Initially. individual eDNA concentrations for PCR were standardized to yield equivalent quantities 
of GAPDH mRNA. Water or non-reverse transcribed RNA gave no signals, whereas eDNA from 
LPS·treated PBMC was clearly positive in all peRs performed. 

EC samples was always accompanied by normal expression, i.e. identical 
when compared to NN EC, or even absence of slL-1ra and IL-1RII mRNA (Fig 
4, i.e. patient numbers 10 and 12). Presence of IL-1P mRNA was, however, 
always accompanied by increased expression of either s1L-1 ra or IL-1 RII 
mRNA (Fig 4, i.e. patient numbers 16 and 17) or both types of mRNAs (Fig 
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4, i.e. patient numbers 15 and 18) when compared to NN EC. 
The differences in electrophoretic mobility between the individual iclL-l ra 

and IL-l RI PCR products (Fig 4) were probably due to the presence of splice 
variants. The occurrence of these variants, however, does not seem to be 
psoriasis-specific as they are present in both types of EC. To check for the 
presence of intra-epidermal .r cells, EC samples were further analyzed for IL-
2 mRNA (see ref 42 for primers and probes). The signals for this marker of T 
cell activation, although increased in some PP samples, were weak and did 
not correlate with the IL-l findings (not shown). 

Tabla V. Overview of the Il-1 system in leslonal psoriatic epldermls.a 

IL-l (R) Immunostaining ISH/RT·PCR Epidermal compartment 

IL-la ~ Basal cell layer 
IL-l p t 
IL-l ra t <->/tb Supra basal cell layers 
IL-l RI <-> 
IL-1RIl t t Basal cell layer 

a The IL-t phenotype of PP epidermis based on Immunostalnlng, ISH and RT-PCA. Symbols; t and t: slgnllfcantly 
decreased and increased expression, respectively, when compared to PN and NN epidermIs; (-)0: similar expression 
when compared to PN and NN epidermIs; and -: not detectable. The epIdermal compartment Indicates the In situ 
locanzatlon as observed with immunostaining. Note that the expressIons of Il-1 and IL-1A In PP epidermis are 
interrelated (see text for details), and that the expressIons of IL-' and IL-1A In PN and NN epidermis are similar. 

b The expression of iclL-l ra mANA is unchanged in PP epidermis when compared to PN and NN epidermis (results of ISH 
and AT-PCA), whereas the expression of slL-ha Is Increased In PP epIdermis when compared to PN and NN epidermis 
(AT-PCA). 

DISCUSSION 

A thorough analysis was made of the complete epidermal IL-l system in 
psoriasis resulting in a defined phenotype, as outlined in Table V. In short, 
we provide the in situ evidence that IL-lo; is decreased in PP epidermis, but 
not in PN epidermis, when compared to NN epidermis (Fig 1, annex 'Color 
Plates', and Table IV). This is in line with findings by others using cytosolic 
extracts of PP and NN skin (18,19,24). Immunostaining showed that epider­
mal IL-lo; resides in the cytoplasm of basal keratinocytes, which confirmed 
the preferential reaction of polyclonal anti-IL-lo; antibodies with the basal cell 
layer, as reported by Anttila et al. (43). The observed decrease of cytosolic 
IL-lo; protein in PP epidermis may reflect increased secretion of this cytokine 
in vivo, as we demonstrated that PP EC show an increased release of biologi­
cally active IL-lo; ex vivo when compared to NN EC (chapter 3.2). Unexpec­
tedly, we were unable to detect epidermal IL-l P immunoreactivity in either 
PP, PN or NN skin. This contrasted with the report that basal keratinocytes in 
cytofuge preparations of NN EC express IL-1P immunoreactivity (43), 
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probably representing pro-IL- 1 p (8). Moreover, we and others observed 
increased levels of IL-1 P in cytosolic extracts of PP EC when compared to 
NN EC (chapter 3.2, and ref 18), and activation of this cytosolic IL-1P 
concomitant with its release ex vivo (chapter 3.2). Nevertheless, the lack of 
consistent epidermal IL-l p immunoreactivity in situ was validated by the use 
of a panel of anti-IL-1 p monoclonal and polyclonal antibodies, and different 
fixation and detection protocols (Hegmans JPJJ, Schrama M, Troost RJJ, 
Prens EP, Debets R. IL-l in the skin. Immunohistochemistry revisited. 
Manuscript in preparation). Furthermore, an antHL-lp polyclonal antibody, 
which binds with similar avidity to pro-IL- 1 p and mature IL-1 P (generously 
provided by Dr. 8. Ferrua, Nice, France), did not enable us to detect epider­
mal IL-1 p. Immunohistochemical techniques may thus not be sufficiently 
sensitive to detect epidermal IL-1 p, or unable to detect masked epitopes or 
epitopes exposed during IL-1 P processing, which may be incomplete in PP 
epidermis (18). 

IL-l ra and IL-1 RII proteins are compartmentalized to reciprocal regions of 
NN epidermis, the suprabasal layers and the basal layer, respectively (Fig 2, 
annex 'Color Plates'). Thus, basal keratinocytes, which contain cytosolic IL­
l a, but lack IL-l ra, are probably responsive to the mitogenic effects of IL-1 a 
in an autocrine fashion. This is in line with normal keratinocyte proliferation 
in that cycling cells reside in the stratum basale. The expressions of both IL­
l ra and IL-l RII were significantly increased in PP epidermis when compared 
to PN and NN epidermis, which confirms previous observations by others 
(24,39). In addition, our data show for the first time that the expressions of 
IL-l a, IL-l ra and IL-1 RII are significantly interrelated (Table IV). 

First, IL-l ra and IL-1 RII are both negatively correlated with IL-1 a. This 
relation may simply reflect accelerated terminal differentiation in clinically 
stable psoriatic lesions, as the expression of IL-l a decreases during the diffe­
rentiation process of keratinocytes, whereas the expressions of both IL-1 ra 
and IL-l RII increase during this process in vitro (44,45). However, the 
observations that IL-l RII protein is located in the basal cell layer and that the 
intensity of its expression is positively related to the length of epidermal 
elongations in PP skin (not shown) suggest that the expression of this 
receptor in vivo may be limited to proliferating cells. Vice versa, one cannot 
exclude the possibility that the shift in the ratio between IL-1 agonists (IL-l a) 
and IL-l antagonists (IL-1 ra and IL-1 RII) in PP EC may in fact induce kerati­
nocyte differentiation (24,46). 

Second, there is a positive correlation between IL-1 ra and IL-1 RII, sugge­
sting an effective inhibition of IL-l responsiveness in PP epidermis. These 
inhibitors of IL-l activity work synergistically. IL-l ra antagonizes IL-l activity 
by binding to IL-1 RI, whereas IL-l RII inhibits IL-l responses by acting as a 
scavenger to prevent an IL-l RI-mediated response. Moreover, soluble IL-1 RII 
binds pro-IL-l p and blocks processing of this isoform (47). The expression 
and shedding of keratinocyte IL-l RII is induced by IFNy (15), which is 
present in PP skin (42). This may explain the overexpression of this receptor 
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on PP keratinocytes. 
PP, PN and NN keratinocytes all lack IL-1 RI immunoreactivity, which is in 

agreement with the report that in keratinocytes IL-1 RII molecules signifi­
cantly outnumber the IL-1RI molecules (15). This does not necessarily imply 
unresponsiveness to IL-1, as only a few IL-1 R type I molecules per cell are 
sufficient for an IL-1-mediated response (48). The noted increase in the 
dermal expressions of most IL-1 and IL-1 R forms probably reflects activated 
fibroblasts and infiltrating cells. 

IL-10: and IL-1 p mRNAs could hardly be detected with ISH. IL-10: mRNA 
levels were also negligible in all EC samples tested with the more sensitive 
RT-PCR. Others, however, have observed a clear expression of IL-10: mRNA 
in full thickness skin biopsies (42). This can be explained by the presence of 
resident and infiltrating dermal cells in such biopsies, as our EC suspensions 
were made of pure epidermal sheets (chapter 3.2) resulting in an enhanced 
EC purity of these samples when compared to complete skin biopsies. 
Although the decrease of IL-10: protein in PP epidermis might be due to 
translational arrest of IL-1 synthesis, findings ex vivo favor increased IL-1 
secretion by PP EC (chapter 3.2). PCR experiments showed that 8 out of 10 
EC suspensions derived from PP skin expressed IL-1 p mRNA, whereas NN EC 
did not (Fig 4). Up to now, this was only reported with complete skin biop­
sies (18,42,49). The increased expression of cytosolic IL-1 P protein by PP 
EC, as we found with enzyme-linked immunosorbent assay (ELISA) (chapter 
3.2), is thus probably due to enhanced transcription of the IL-1 p gene. The 
observation that IL-1P mRNA was also increased in PN skin (42), favors a 
primary role of IL-1 p in the inflammatory response in psoriasis. 

When performing ISH, the IL-1 ra probe revealed no clear-cut differences 
between the different types of skin samples. EC-derived iclL-1 ra as well as 
s1L-1 ra mRNAs were detectable with PCR, confirming the presence of both 
splice variants in keratinocytes (9). Levels of iclL-1 ra mRNA, although varia­
ble, did not differ between PP and NN samples, whereas levels of s1L-1 ra 
mRNA were increased in PP samples when compared to NN samples. Based 
on these observations, an increased synthesis of iclL-1 ra protein by PP EC at 
the level of translation or post-translational modification, cannot be excluded. 
Increased steady-state levels of IL-1 RII mRNA were found in part of the PP 
samples with both ISH (Fig 3, annex 'Color Plates') and PCR (Fig 4). Results 
of immunostaining and ISH correlated nicely (Table IV), which suggested an 
enhanced transcription of the IL-1 RII gene in PP EC. Although IL-1 RII mRNA 
is present in all epidermal cell layers, protein synthesis only takes place in 
proliferating basal cells. Epidermal IL-1 RI mRNA was not detectable in any 
type of skin sample using ISH, which is in accordance with our immunostai­
ning results. In line with findings by Groves et al. (38), the presence of IL-1 RI 
mRNA was readily detectable with the sensitive PCR in both PP and NN EC 
(Fig 4). Although this implies in principle similar IL-1 responsiveness between 
both types of EC, the overexpression of the IL-1 inhibitors, IL-1 ra and IL-1 RII, 
by PP EC may downmodulate the response to IL-1 . 
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In analogy with immunostainings, the PCR findings showed that the 
expressions of IL-1 agonists were interrelated with those of IL-1 antagonists. 
The increased levels of the s1L-1 ra and IL-1 RII mRNA, as observed in part of 
the PP samples, were interrelated with IL-1 ~ mRNA levels (Fig 4). The 
cellular environment of PP EC, due to an altered expression of transcription 
factors, may favor initiation of transcription at the otherwise repressed 
promoter of the IL-1~ gene (50). In PP samples with an elevated IL-1~ 

expression, a negative-feedback signal may have occurred resulting in an up­
regulated expression of IL-1 ra andlor IL-1 RII in these samples. At the mo­
ment, it is not clear whether psoriatic patients, not expressing epidermal IL-
1 ~ levels, constitute a clinically different subgroup. 

Taken together, this is the first report of a complete analysis of the IL-1 
system in lesional as well as non-Iesional psoriatic epidermis using immunos­
taining, ISH and PCR. Our study is unique in that the expressions of IL-1 and 
IL-1 R isoforms were investigated in parallel, which revealed an interrelated 
expression of the IL-1 and IL-1 R forms in PP epidermis. The inverse relation 
between IL-1 ct and the IL-1 antagonists and the positive relation between IL-
1 ~ and the IL-1 antagonists may be linked to keratinocyte differentiation and 
cutaneous inflammation, respectively, which are the two hallmarks of 
psoriasis. Patient's PASI scores, however, did not correlate with the expres­
sion of any IL-1 marker. Moreover, genetic analysis excluded, for example, 
IL-1 ra as a single primary disease determinant for psoriasis (51). We therefo­
re believe that in psoriasis the study of multiple IL-1 and IL-1 R forms rather 
than any single isoform is more valuable. In our view, the expressions of IL-1 
and IL-1 R isoforms are coordinatedly altered in PP epidermis, favoring a local 
IL-1 antagonist sphere of influence. 
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ENHANCED PRODUCTION OF BIOLOGICALLY ACTIVE IL-1a AND IL-1fJ BY 
PSORIATIC EPIDERMAL CELLS EX VIVO. 

Evidence of increased cytosolic IL-1fJ levels and facilitated IL-1 release.' 

Reno Debets, Joost P.J.J. Hegmans, Roger J.J. Troost1, Robbert Benner and Errol P. Prens. 

Departments of Immunology and Dermatology', Erasmus University Rotterdam and University 
Hospital Rotterdam-Dljkzigt, The Netherlands. 

ABSTRACT 

The expression of IL-10: and IL-1P is altered in psoriatic lesions. However, 
little is known about the actual production of IL-1 by psoriatic epidermal cells 
(EC). We monitored IL-1 in the extracellular, the membrane and the intracellular 
compartment of freshly isolated EC from untreated lesional psoriatic (PP) and 
normal control (NN) skin during non-stimulated, short-term primary cultures, 
representing an ex vivo psoriasis model. Cytokines were measured using 
bioassays combined with neutralizing Ab and ELISA in parallel. PP EC released 
significantly increased amounts of biologically active IL-10: and IL-1 p in a ratio 
of 3: 1, whereas NN EC only released IL-10:. Also the release of IL-6, but not of 
TNF-o:, by PP EC was significantly increased. Membrane-associated IL-1 
activity, analyzed using glutaraldehyde fixed EC, was low and not unique for PP 
EC. The cytosol of PP EC contained significantly increased levels of 
immunoreactive IL-1 p. Furthermore, PP EC displayed loss of membrane integrity, 
as determined by trypan blue exclusion and release of cytosolic lactate 
dehydrogenase. This facilitated release of intracellular IL-1 . Depletion of CD45 + 
cells showed that intra'epidermal leukocytes did not contribute to the 
production of IL-1. Our observations show that resident PP EC express 
enhanced IL-1 production ex vivo, which is due to an increased cytosolic IL-1P 
content and facilitated IL-1 release. This study provides the first evidence that 
PP EC can produce bioactive IL-1 p. 

INTRODUCTION 

Human epidermal interleukin 1 (IL-1) is safely stored in the cytosol of the 
keratinocyte and stimUli (e.g. cell injury, T cell interaction) are required for its 
release (1). Intracellularly stored IL-1 consists of pro-IL-1 0: and pro-IL-1 p, which 
both lack a signal peptide but differ in the way they are processed and modified 
after translation (2). Pro·IL-1 0: is fully biologically active, whereas pro-IL-1 P has 

• Eur J ImmunoI25:1624-1630, 1995 
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minimal biological activity (3). Cultured normal human keratinocytes are unable 
to enzymatically cleave pro-IL-Jl efficiently to the active mature form (4). This 
implies that In normal human epidermis all IL-1 activity is due to IL-1a (5). 

The epidermal expression of IL-1 a and IL-1 Jl is altered in psoriasis. IL-1 a 
protein is reported to be decreased in cytosolic extracts of psoriatic skin (PP) 
specimens and aqueous extracts of the stratum corneum, resulting in a 
considerable decrease of the total epidermal IL-1 activity (6-8). IL-1a levels 
were low but not decreased in suction blister fluids from lesional psoriatic skin 
(9). In contrast to IL-1 a, cytosolic extracts of PP skin contained increased levels 
of a processed but non-functional form of IL-1Jl (6,7). IL-1Jl levels were 
negligible in extracts of the stratum corneum and blister fluids (8,9) and its 
expression seemed confined to the plasma membrane and the intracellular 
compartment of epidermal cells (EC) (10,11). The downregulation of IL-1a and 
upregulation of IL-1 Jl found with cytosolic skin extracts was not observed using 
immunohistochemistry (10). Conflicting reports also exist on the expression of 
the IL-1-related cytokines IL-6 and tumor necrosis factor-a (TNF-a) in psoriatic 
epidermis (8,12,13). Taken together, available data are complex and 
inconsistent due to detection of cytokines in different cellular compartments 
and at different levels of expression. To clarify the altered expression of 
epidermal cytokines in psoriasis, the focus of the present study was to 
characterize the actual production of IL-1, IL-6 and TNF-a by PP EC. 

We investigated the spontaneous release of these cytokines during short­
term cultures of freshly isolated EC from untreated PP and normal control (NN) 
skin, using a defined low calcium basal medium. We considered these cultures 
an ex vivo model which is less prone to in vitro artefacts than cell lines. To 
monitor the epidermal IL-1 production in psoriasis, the extracellular, the 
membrane and the cytosolic compartment of the same EC samples were 
analyzed for IL-1. Moreover, EC samples were assayed for several cytokines 
simultaneously and for different levels of protein expression in parallel. We 
tested for biologically active and immunoreactive IL-1 a, IL-1 Jl, IL-6 and TNF-a. 

MATERIALS AND METHODS 

Patients and controls 
Thirty-five otherwise healthy patients (Outpatient Department of 

Dermatology, University Hospital Rotterdam-Dijkzigt) with plaque-type psoriasis 
were studied after informed consent. Patients remained untreated for at least 
3 weeks before entering the study. Thirty-five healthy volunteers, individuals 
without history or signs of skin disease, undergoing abdominal or breast plastic 
surgery (Sint Franciscus Hospital, Rotterdam) served as controls. Skin samples 
were collected after approval of the institutional medical ethical committee 
(MEC 1 04.050/SPO/1990/30). 
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EC suspensions 
Split-skin specimens from PP and NN skin of 10-15 cm2 were obtained using 

a portable dermatome (Davol Inc., Cranston, RI). Preparation of single EC 
suspensions was based on standard methods (14). Cells were resuspended in 
a chemically defined keratinocyte basal medium (KBM/unsupplemented MCDB 
153, Clonetics, San Diego, CA). Cells were counted microscopically using 
phase-contrast illumination. Viability was determined by trypan blue exclusion. 

EC-conditioned media 
EC were seeded at 106 viable cells/ml in 2 ml KBM in 25 cm2 vented culture 

flasks (Costar, Cambridge, MA). After culture for 24 h, the viability of the cells 
was checked and supernatants were collected by centrifugation, filter-sterilized, 
supplemented with 0.1 % BSA and stored at -80°C. 

Fixation of EC 
Freshly isolated EC or EC cultured for 24 h, were fixed with freshly prepared 

0.08 % glutaraldehyde (Merck, Schuchardt, FRG) in 0.1 M sodium cacodylate 
buffer (pH 6.9) for 10 sec at 4°C. Subsequently, cells were washed twice with 
Hepes-buffered RPMI 1640 medium containing 0.5 % BSA. Next, cells were 
resuspended at 106/ml in RPMI medium and incubated for 24 h at 37°C in a 
humidified atmosphere to release unfixed IL-1. Release supernatants and cells 
were collected separately and stored at 4 °C. 

Isolation of EC cytosol 
EC were treated with digitonin as described for human monocytes (15). 

Digitonin treatment perforates the plasma membrane without affecting 
intracellular organelles resulting in leakage of pure cytoplasm. Digitonin and 
ethanol were removed from the cytosols by ultrafiltration of P8S-diluted 
samples using a YM membrane with a 10-kDa cut-off (Centricon-10, Amicon, 
Danvers, MA). After filter-sterilization, samples were stored at -80°C. Lactate 
dehydrogenase (LDH) served as a marker for cytosol. Enzyme activity was 
determined by the rate of nicotinamide adenine dinucleotide formation measured 
spectrophotometrically from the decrease in extinction at 340 nm. 

Bloassays 
IL-1 activity was measured using a subline of the murine T cell line 

D1 0.G4.1, designated D10(N4)M (D10) (kindly provided by Dr. S.J. Hopkins, 
Manchester, UK) (16). Further optimization of the assay at our laboratory 
resulted in enhanced reproducibility of the test (17). IL-6 activity was measured 
using the murine hybridoma cell line B9 (kindly donated by Prof. Dr. L.A. 
Aarden, Amsterdam, The Netherlands) (18). Proliferation of the cytokine 
dependent cell lines D1"O and B9 was measured via [3Hldeoxythymidine 
incorporation. TNF-Ct; activity was measured using the murine fibroblast cell line 
WEHI 164.13 (kindly provided by Dr. W.A. Buurman, Maastricht, The 
Netherlands) (19). The MTT cytotoxicity assay (20) served as an indirect 
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measurement of necrosis of WEHI cells. Recombinant human IL-1P (UBI, Lake 
Placid, NY), IL-6 (Prof. Dr. L.A. Aarden) and TNF-o: (UBI) served as positive 
controls in the D1 0, B9 and WEHI assay, respectively. Cytokine activities were 
corrected for background activity of the culture medium and expressed in U/1 06 

viable cells, with 1 U/ml corresponding with the half-maximal response. 
Neutralization experiments using the D10 assay were performed with sheep­

anti-IL-10: and/or IL-1 p antibodies (Glaxo, Geneva, Switzerland). After addition 
of the antibody to the optimally diluted samples and incubation for 45 min at 
37°C and 5 % CO2 , the D10 cells were added. The anti-IL-10: and IL-1P 
antibodies, used at a titer of 15,000, neutralized about 10 U/ml natural NN EC­
derived IL-10: and peripheral blood mononuclear cell (PBMC)-derived IL-1 p 
activity, respectively. Neutralization results are given as the percentage residual 
IL-1 activity and were calculated using the formula: 

ResiduallL-1 activity (%) = 
cpm neutralized sample - cprn background x 100 % 
cprn non-neutralized sample - cpm background 

ELISA 
IL-10:, IL-1P and IL-6 were measured with commercially available specific 

enzyme-linked immunosorbent assays (ELISA) (Mr. D. Bergman, Eurogenetics, 
Tessenderlo, Belgium) using the protocols provided by the manufacturers. TNF-
0: was determined as described elsewhere (21), with minor adaptations to 
enhance the sensitivity. Recombinant human IL-10:, IL-1 p, IL-6 and TNF-o: 
served as positive controls. The amounts of cytokine were corrected for non­
specific binding of the culture medium, and expressed in pg/106 viable cells. 

Depletion of CD45 + cells from EC suspensions 
Leukocytes were removed from freshly isolated PP EC by an 

immunomagnetic rosetting technique using the anti-CD45 monoclonal antibody 
2D1 (Becton Dickinson, Mountain View, CAl and goat-anti-mouse conjugated 
paramagnetic beads (Dynal, Oslo, Norway), as previously described (22). Before 
and after depletion the number of CD45 + cells were determined using a two­
step immunoperoxidase technique on cytocentrifuge preparations. The 
percentage of CD45 + cells was calculated by counting the number of cells 
showing positive staining from a total of 1000 cells. The depletion efficiency 
ranged from 95 % to 99 %. 

Statistical analysis 
Results were analyzed with the Wilcoxon Rank Sum Test using STATA™ 

(Computing Resource Center, Los Angeles, CAl. Significant differences are 
indicated by P values smaller than 0.05. 
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Figure 1. Release of biologically active cytokines by PP and NN EC In basal medium. Levels of IL·1', 
IL-6 and TNF-a in 24 h supernatants of KBM cultures were measured using bioassays. Results are 
given in mean ± SEM u/l 06 viable cells. PP: n = 29, 20 and 8; and NN: n = 32, 19 and 12 for IL­
l, IL-6 and TNF-a, respectively. The P values indicate significant differences versus NN samples. 
Human PBMC isolated by Ficoll-Hypaque density gradient centrifugation and cultured for 24 h in 
RPM I medium supplemented with 5 % human serum were used as a control. PBMC released 52 U 
Il-l; 24,816 U Il-6; and 14 U TNF per 10· cells. 

RESULTS 

PP EC release increased amounts of biologically active Il-1 and Il-G but not 
TNF-a 

The amounts of cytokine released by EC from PP and NN skin are given in 
Figure 1. From this figure it is evident that although NN EC release some units 
of Il-l, Il-6 and TNF-a under conditions ex vivo, PP EC release at least 
fifteenfold more IL-l (24 ± 8 U/1 06 EC, P < 0.0001) and thirtyfold more IL-6 
(61 ± 40 U/1 06 EC, P < 0.0001). However, PP EC did not release increased 
amounts of bioactive TNF-a. 

PP EC release biologically active Il-1fl 
The same samples were tested in the Dl0 assay using IL-l neutralizing 

antibodies as well as in IL-la and IL-1Jl ELISA. The effect of neutralizing 
antibodies against IL-l a and IL-l Jl on the IL-l activity of EC supernatants is 
given in Figure 2. When NN samples were used, antHL-la antibody reduced the 
[3Hldeoxthymidine incorporation to background levels, in contrast to anti-IL-l Jl 
antibody that did not affect the Dl0 proliferation (Fig 2A). Thus, the IL-l 
activity of NN samples is completely due to IL-la. The IL-l activity of 
supernatants of PP EC, however, could only be completely blocked when both 
antibodies were used simultaneously. The residuallL-l activity of supernatants 
of PP EC neutralized with either antibody differed significantly from those of NN 
EC (P < 0.03 and P < 0.05 for neutralization of IL-l a and IL-l Jl activity, 
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Figure 2. PP EC release biologlcallv active Il-1fJ. Neutralization of Il-1 activity of 24 h KBM 
supernatants of EC from PP and NN skin was determined with sheep-anti-IL-l a and/or IL-1 Jl 
antibodies using the Dl0 assay. Samples were diluted 6 times. Results are given in mean ± SEM 
cprn (Fig A). PP and NN groups consisted of 14 and 6 patients, respectively. Controls: recombinant 
human IL-1P (12.6 U/mll: 42,648 cpm; KBM: 6,967 cpm; anti-IL-la antibody: 6,874 cpm; anti-IL-l p 
antibody: 5,671 cpm; and both antibodies: 4,316 cpm. Results are also expressed as the residual 
IL-1 activity after neutralization (B), calculated as described in materials and methods. Shown are 
mean ± SEM. Conditioned medium of PBMC was used as a control. See legend to Figure 1 for more 
details. Neutralization of PBMC supernatants with antHL-la antibody and anti-IL-1j3 antibody 
resulted in 97 % and 3 % residuallL-l activity, respectively. 

respectively) (Fig 28). Approximately 25 % of the IL-1 activity of supernatants 
of PP EC was due to IL-1 p. Supernatants of NN EC contained negligible IL-1 p 
activity. The use of anti-lL-6 antibody as a control had no effect in this system. 

The release of IL-1P by PP EC was confirmed using IL-1a and IL-1P ELISA. 
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Figure 3 shows that both EC types released predominantly IL-l a under non­
stimulated short-term culture conditions, with the amounts highest for PP EC 
(134 ± 45 versus 37 ± 12 pg/l06 EC, P < 0.009). The amounts of 
immunoreactive IL-lll released by PP EC were about threefold lower than the 
corresponding amounts of IL-la (40 ± 14 pg/l06 EC), but nevertheless 
significantly increased when compared to the amounts of IL-Il released by NN 
EC (P < 0.0001). These ELISA findings are in accordance with the IL-l 
neutralization results, indicating that the increased basal release of bioactive IL­
l by PP EC is due to both IL-la and IL-lll, which are released in a ratio of 3:1. 
ELISA results for IL-6 and TNF-a are also given in Figure 3, and are in 
accordance with the data on IL-6 and TNF-a activity presented in Figure 1. Only 
levels of immunoreactive IL-6 in supernatants of PP EC were significantly 
increased (P < 0.0007). 
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Figure 3. Release of immunoreactive cytokines by PP and NN EC in basal medium. Levels of IL-1 a, 
IL-1P, IL-6 and TNF-a were measured using ELISA. Results are presented as mean ± SEM pg/l06 

viable cells. PP: n ~ 19. 24. 12 and 8; and NN: n ~ 20. 19. 11 and 8 for Il-1 ex. Il-1~, Il-6 and 
TNF-a, respectively. Conditioned medium of PBMC contained 151 pg IL-la; 137 pg IL-1P; 70,950 
pg Il-6; and 677 pg TNF-ex per 106 cells. 

PP EC do not express membrane IL-1 activity 
To study the interrelationship between the increased release of IL-l and the 

previously observed increased membrane expression of IL-lll on PP EC (11), the 
same EC samples were tested for membrane IL-l activity. EC were fixed with 
glutaraldehyde and tested in the Dl0 assay. The possibility that the measured 
IL-l had leaked out of the fixed cells instead of representing genuine membrane 
IL-l activity, was checked by testing the release supernatants of the fixed cells. 
These supernatants contained less than 1 U/1 06 cells. Results on IL-l activity 
of fixed PP and NN EC samples are shown in Table I. Fixation of freshly isolated 
PP and NN EC resulted in negligible IL-l activities. Both types of EC slightly 
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Table I. Il·l activity of fixed PP and NN EC.' 

Directly fixed 
Fixed after short-term culture 
Unfixed control 

Psoriasis 

0.9 ± 0.9 
7.2± 4.1 

41.3±19.5 

Normal control 

1.3 ± 1.3 
9.0± 6.9 
4.5 ± 1.9 

P value 

NS 
NS 
< 0.05 

~ Results are presented as maan ± SEM U IL-1 per lOS treated EC. Each experimental condition was performed with 5 to 
10 samples of both PP and NN EC. PBMC used as control cells expressed 0, 121 and 267 U IL·1 per ld1 cells when 
directly fixed, fixed after short-term culture and unfixed, respectively. 

upregulated the expression of IL-1 activity during a 24 h culture in KBM. The 
levels of IL-1 activity found with unfixed PP EC were significantly increased 
dueto release of IL-1 . 

PP EC express increased levels of cytosolic IL-1tl 
To investigate the intracellular compartment. cell samples were treated with 

digitonin. The cytosolic fractions were tested in the 010 assay and in the IL-1 0; 
and IL-11l ELISA in parallel. The efficiency of the ultrafiltration procedure was 
more than 95 % as evaluated by the recovery of IL-1 from PBS spiked with 10 
U IL-1. Figure 4A shows that the cytosolic IL-1 activity of freshly isolated PP 
and NN EC was negligible. Short-term culture resulted in an increase of 
intracellular IL-1 activity in both EC types. However. this increase of intracellular 
IL-1 activity was only statistically significant for NN EC (P < 0.05). In addition. 
levels of immunoreactive cytosolic IL-10; were significantly upregulated in NN 
EC during a 24 h culture period (P < 0.02) (Fig 4B). The amounts of cytosolic 
IL-11l were negligible in NN EC. In freshly isolated PP EC, the cytosolic IL-10; 
levels were somewhat higher than those of NN EC. The cytosolic IL-1plevels 
were significantly increased in both freshly isolated (P < 0.002) and cultured 
PP EC (P < 0.03) when compared to NN EC. However, intracellular IL-10; and 
IL-11llevels did not significantly increase in PP EC during short-term culture (Fig 
4B). 

PP EC show facilitated release of IL-1 due to enhanced cytosollc leakage 
Viabilities of freshly isolated EC from PP and NN skin, as determined by 

trypan blue dye exclusion, were similar. However, loss of viability during a 24 
h culture in KBM was more than twofold higher for PP EC than for NN EC (P < 
0.0004), as shown in Figure 5A. This loss of membrane integrity of PP EC 
correlated well with cytosolic leakage, monitored via release of LOH. The 
release of LOH from PP EC during a 24 h culture period was about twofold 
higher when compared to NN EC (Fig 5B. P < 0.007). This also applied to the 
concomitant decrease in cytosolic LOH. Release of cytosolic LOH correlated 
with that of IL-1. 
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Figure 4. PP EC express an increased cytosollc IL-l{J content. Levels of biologically active IL-1 (Fig 
A) and immunoreactive IL-1 a and IL-1 p (B) in cytosolic fractions of freshly Isolated EC and short­
term cultured EC from PP and NN skin are given in mean ± SEM U or pgll 06 total celis, respectively. 
PP: n = 12 and 8; and NN: n = 6 and 6 for freshly isolated EC and short-term cultured EC, 
respectively. Cytosolic fractions were obtained using digitonin. Samples were tested with the D 1 0 
assay, Il-la and Il-1P ELISA. The P values placed above bars of PP samples indicate significant 
differences between PP and the corresponding NN samples, whereas the P values placed above bars 
of short-term cultured NN samples indicate significant differences between short-term cultured and 
freshly isolated NN samples. Short-term cultured PP samples did not differ significantly from freshly 
isolated PP samples. Freshly isolated and short-term cultured PBMC displayed 0 U fL-l; 11 pg fL-1 a; 
and 2 pg Il-1 p, and 109 U fl-1; 688 pg fl-1 a; and 1655 pg Il-1 P intracellularly per 106 total cells, 
respectively. 
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Figure 6. PP EC display enhanced cytosolic leakage. loss of cellular viability during a 24 h culture 
of PP and NN EC in KBM was measured by trypan blue exclusion (Fig AI. Given are mean ± SEM 
% trypan blue positive cells of freshly isolated EC and short-term cultured EC. PP: n = 11 and 8; 
and NN: n = 10 and 10 for freshly isolated EC and short-term cultured Ee, respectively. Part of 
these samples. together with the corresponding conditioned media (termed supernatant) were used 
to measure cytosolic and released LDH activity (B). Cytosolic fractions were obtained by digitonin 
treatment of the cells. The LDH activity is given in mean ± SEM mUl106 total cells. PP: n = 8, 5 
and 8; and NN: n = 5, 5 and 10 for freshly isolated EC, short-term cultured EC and supernatants, 
respectively. PBMC did not show alterations in their viability using culture conditions as described 
in the legend to Figure 1. LDH levels corresponding with freshly isolated PBMC, short-term cultured 
PBMC and supernatants were 46, 100 and 7 mU!1 06 cells, respectively. 

Production of IL-1 by PP EC Is not due to contaminating intra-epidermal CD45 + 
cells 

Immunophenotyping of freshly isolated PP EC revealed that these cells 
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Table II. CD46- EC are the cellular source for IL~1 In psoriasis.a 

Total EC 
CD45-EC 
Medium 

Experiment I 

57,550 
54,325 

6,530 

Experiment II 

36,444 
32,110 

5,420 

a 010 proliferation rates of two separate CD45 depletion experiments are given in cpm (mean of triplicate values with SEM 
Isss than 5 % of mean), corrssponding with 5 times-diluted samples. The depletion efficiency in both experiments was 
more than 95 %. 

contain about 5 % CD45 + cells as well as HlA-DR+ cells (14). To determine 
whether intra-epidermal leukocytes were responsible for the PP EC-derived Il-1, 
CD45 + cells were immunomagnetically depleted b.efore measuring the Il-1 
production. From Table" it is evident that CD45 + cells were not responsible 
for the enhanced production of biologically active Il-1. The presence of Il-1 Il 
in supernatants of CD45-depleted EC was confirmed by neutralization studies 
as well as ELISA. 

DISCUSSION 

In the present study we show for the first time, using a large number of 
patients and controls, that PP EC release significantly increased amounts of 
bioactive Il-1 . These results extend preliminary data previously reported by our 
group (17). Other investigators, however, observed decreased epidermal Il-1 
bioactivity in psoriasis (7,8). The reported downregulation of Il-1a and 
upregulation of a non-functional Il-1 Il in vivo (7) made us investigate the 
separate contributions of Il-1 a and Il-1 Il to the observed extracellular Il-1 
activity. About 25 % of the Il-1 activity of PP samples was due to Il-1 Il, while 
the Il-1 Il activity of NN samples was negligible. This corresponded nicely with 
the ELISA results. The capacity of PP EC to produce functionally active Il-1 Il 
is an unexpected and novel finding. Our observation that PP EC release 
equivalent amounts of bioactive and immunoreactive Il-1 does not point to the 
involvement of Il-1 receptor antagonist (ll-1 raj in psoriasis. 

Since overexpression of Il-1 Il in the membrane and the intracellular 
compartment of PP EC has previously been reported (10,11), we questioned 
whether PP EC express membrane-associated Il-1 activity. Membrane­
associated Il-1 activity has been demonstrated on a variety of cell types, 
including keratinocytes (23). Recently, it has been suggested that the assumed 
membrane Il-1 activity may be caused by the leakage of Il-1 from cells 
inadequately fixed with paraformaldehyde (24). In our studies on membrane Il-1 
activity, glutaraldehyde fixed EC were tested in the D1 ° assay. Glutaraldehyde 
proved to be a more stringent fixative than paraformaldehyde and abrogated 
leakage of intracellular Il-1. Our results do not provide evidence of a unique 
expression of membrane-bound Il-1 by PP EC. 
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Analysis of the cytosolic compartment indicated that PP EC have a 
significantly increased cytosolic IL-1 fl content and that newly formed IL-1 a and 
IL-1 fl are not retained intracellularly under conditions ex vivo. The opposite is 
true for NN EC which express negligible levels of cytosolic IL-1 fl, accumulate 
IL-1a synthesized de novo but do not release it ex vivo (Figs 3 and 4B). 
Antibodies directed against the mature IL-1 isoforms often underestimate the 
actual intracellular pro-IL-1 levels due to incomplete crossreactivity. This 
underlines the significance of the differences found at the cytosolic level with 
the IL-1 ELISA. Using freshly isolated EC, we could not confirm the decreased 
expression of cytosolic IL-1a protein in extracts from PP skin as reported by 
others (6,7). Our findings of increased expression of intracellular IL-1 fl protein 
are in accordance with other reports (6,7,11). In line with our results is also the 
recent report of increased expression of IL-1 fl mRNA in lesional as well as non­
lesional psoriatic skin (25). 

Loss of membrane integrity may be associated with processing and secretion 
of IL-1. In this respect, ionic perturbation could be necessary for activation of 
the IL-1 fl converting enzyme (ICE) (26). The issue whether membrane processes 
are involved in the production of biologically active IL-1 fl by PP EC was 
addressed. We demonstrated profound loss of membrane integrity and 
enhanced cytosolic leakage of PP EC under conditions ex vivo using trypan blue 
exclusion, flow cytometric analysis of propidium iodide-labeled cell samples (not 
shown), and measurement of LDH release. Thus, release of intracellularly stored 
proteins such as IL-1 is facilitated by cytosolic leakage in PP EC. For human 
monocytes, it has already been shown that the release of IL-1 paralleled that of 
LDH (27). IL-1 fl processing may precede the secretion process, as previously 
suggested by Perregaux and others for monocytic cells (26). Moreover, rapid 
apoptosis, as in macrophages that are targets for allospecific cytotoxic T cells, 
is also characterized by intracellular IL-1 fl processing (28). The partial IL-1-
neutralizing effect of anti-IL-1 fl antibody using cytosolic PP samples suggests 
that pro-IL-1 fl is processed intracellularly by PP EC. This is in accordance with 
the finding that intracellular levels of bioactive IL-1 correlate positively with the 
intracellular levels of immunoreactive IL-1 fl (not shown). In our laboratory, we 
have recently investigated to what extent necrosis and apoptosis contribute to 
the observed processing of cytosolic IL-1 fl (chapter 3.3). 

The enhanced IL-1 production by PP EC could be attributed to contaminating 
intra-epidermal leukocytes. To identify the potential contribution of bone­
marrow-derived cells, we tested PBMC and a variety of cell lines such as a B 
cell line (JY), a T cell line (HSB) and a myelomonocytic cell line (HL-60) using 
serum containing media with and without lipopolysaccharide (LPS) as a stimulus 
(not shown). These experiments showed that PBMC, as expected, are a 
prominent source of IL-1 in all cellular compartments. Nevertheless, results of 
the depletion experiments indicate that CD45- EC were responsible for the 
observed IL-1 production ex vivo. These results were confirmed by testing 
normal human PBMC for their IL-1 levels under similar conditions ex vivo. 
Extracellular as well as intracellular IL-1 levels were not detectable when PBMC 
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were cultured in the basal medium KBM at 104/ml and 105 /ml, reflecting 1 % 
and 10 % potential leukocyte contamination of EC samples, respectively. Our 
results suggest the existence of an IL-l convertase associated with resident PP 
EC, which up to now is thought to be confined to myelomonocytic cells. This 
could be in line with reports on enzyme alterations in PP EC (29), 

Bioassay and ELISA findings showed that PP EC also released increased 
amounts of IL-6 but not TNF-C(. Our IL-6 results are in agreement with findings 
based on skin biopsies (12) and blister fluids (11), but in disagreement with 
findings based on extracts of the stratum corneum (8). We found low, but 
consistent levels of biologically active and immunoreactive TNF-C( in 
supernatants of both types of EC, while others could not detect TNF-C( activity 
using extracts of the stratum corneum or blister fluids from either PP or NN skin 
(8,131. Our findings may be attributable to the use of viable EC to investigate 
cytokine production levels. 

Cytokine production measured ex vivo is not merely based on the passive 
release of preformed cytosolic proteins (e.g. IL-1), and is, in our view, closely 
related to the cytokine production in vivo for the following reasons. First, 
upregulation of cytosolic IL-l proteins (Fig 4, NN EC) and production of 
functionally active IL-l P during short-term culture (Fig 2, PP ECI indicate active 
synthesis and processing of IL-l . Second, the release of increased amounts of 
IL-6, but not TNF-C(, by PP EC point to selective cytokine synthesis de novo. 
Third, the reported upregulation of cytosolic IL-l P by normal human 
keratinocytes in vitro (301 was not observed in our model, and the increased 
expression of cytosolic IL-1P in PP EC is in agreement with reported findings in 
vivo (7,25). Finally, treatment of psoriatic lesions in vivo with a class III topical 
corticosteroid resulted in normalization of the amounts of IL-l and IL-6 released 
by PP EC under conditions ex vivo (1 7). 

Taken together, the results provide clear evidence that PP EC express 
enhanced production of functionally active IL-l C( and IL-l p ex vivo due to 
enhanced release of IL-l and activation of cytosolic IL-l P concomitant with its 
release. PP EC also release increased levels of IL-6, but not TNF-C(. Others have 
shown that normal human keratinocytes need a stimulus to produce substantial 
amounts of inflammatory cytokines in vitro (31). Furthermore, 48 h serum-free 
culture supernatants of PP EC, but not NN EC, potentiate T cell activation which 
was shown to be partly due to IL-l (32). The pathophysiological relevance of 
IL-l in vivo is evidenced by transgenic mice in which EC-derived IL-l induced 
scaly inflammatory skin lesions with marked erythema, crusting and psoriasis­
like histological features such as hyperkeratosis and a dense inflammatory 
infiltrate (33). Mice which express an IL-6 transgene in basal keratinocytes 
demonstrated a thickened stratum corneum, but IL-6 did not exert direct 
proinflammatory actions and probably acts synergistically with EC-derived IL-l 
(34). We speculate that PP EC display an activated state in vivo and are easily 
triggered to express an enhanced production of IL-l and IL-6. 
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ENHANCED APOPTOSIS IN PSORIATIC EPIDERMAL CELLS. 
IL-1fl maturation is related to apoptosis ex vivo.' 

Reno Dabats, Joost P.J.J. Hegmans, Robbert Benner and Errol P. Prens. 

Department of Immunology, Erasmus University Rotterdami The Netherlands. 

ABSTRACT 

We previously demonstrated that non-stimulated, short-term primary 
cultures of epidermal cells (EC) (ex vivo model) from lesional psoriatic (PP) 
skin secrete functionally active IL-11l in contrast to EC from normal control 
(NN) skin. The generation of functionally active, mature IL-11l and its secreti­
on depend on IL-11l processing. As IL-11l processing may be a feature of 
apoptosis, at least in monocytic cells, the present study was conducted to 
investigate whether IL-11l maturation in PP EC is related to apoptosis. 
Analysis of intra- and extracellular amounts of IL-1 revealed that the increa­
sed secretion of IL-11l by PP EC was due to increased de novo synthesis of 
IL-11l, which was inversely correlated with loss of trypan blue exclusion by 
EC ex vivo (i.e. necrosis). In fact, apoptosis was increased in freshly isolated 
PP EC relative to NN EC, as measured by TUNEL and ELISA specific for 
cytosolic internucleosome-sized DNA fragments. Double-staining of cytofuge 
preparations of PP EC for the CD45 marker showed that intra-epidermal 
leukocytes were not responsible for the observed DNA end-labeling. In our 
experiments, DNA fragmentation represented genuine apoptosis as kinetic 
studies with PP EC showed that DNA fragments were most abundantly 
present intracellularly, showing peak levels at 8 h, which clearly preceded 
those of extracellular DNA fragments at 24 h after seeding EC. The amounts 
of cytosolic and extracellular IL-11l, as measured by ELISA, paralleled those 
of DNA fragments. Moreover, the use of the 010 bioassay combined with 
neutralizing antibodies revealed a nice correlation between released biologi­
cally active IL-11l and DNA fragmentation in PP EC. In accordance to the 
findings ex vivo, the in situ DNA end-labeling was enhanced in PP skin when 
compared to NN skin, and was localized to the upper stratum granulosum. 
Although epidermal IL-11l immunoreactivity was generally not detectable, in a 
few patients IL-11l staining clearly co-localized with DNA end-labeling. Taken 
together, our studies provide evidence that resident PP EC express enhanced 
apoptosis and suggest that these cells are a source of mature IL-11l synthesi­
zed de novo . 

• Submitted for publication 
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INTRODUCTION 

Psoriasis is histologically characterized by skin infiltrating leukocytes and 
keratinocyte hyperproliferation (1). Human epidermis contains substantial 
amounts of interleukin 1 (Il-l) (2), and this cytokine is able to profoundly 
influences cutaneous inflammation (3) and the proliferative state of kerati­
nocytes (4). The epidermal expression of Il-l is dysregulated in psoriasis (5). 
We have recently reported that non-stimulated, short-term primary cultures 
of epidermal cells (EC) (termed ex vivo model) derived from lesional psoriatic 
(PP) skin, but not normal control (NN) skin, produce functionally active Il-l p 
due to activation of cytosolic Il-l P concomitant with its release (chapter 
3.2). Il-1P is synthesized as a 31-kDa pro-form devoid of a conventional 
signal sequence (6). Il-l P converting enzyme (ICE), a member of a new 
subfamily of cysteine proteases (7), processes the Il-l p precursor to its 
biologically active 17-kDa mature form and is also involved in secretion of 
mature Il-l p (8,9). ICE is activated by auto cleavage of pro-ICE, mainly in 
monocytes, but not normal human keratinocytes (10), and takes part in an 
amplified protease cascade, which characterizes apoptosis (9,11). In macrop­
hages, apoptosis may be accompanied by the processing and liberation of Il­
lP (12-14). 

Apoptosis is a gene-directed physiological cell death, which is clearly 
different from pathological cell death (necrosis) (15). This form of cell death 
is controlled by the coordinated expression of a number of intracellular B cell 
lymphoma (BCl)-homologous proteins (e.g. BAX, BCl-2, BCl-X and BAD) 
(16). The formation of BAX homodimeric complexes activates proteases 
homologous to ICE resulting in the subsequent activation of ICE and other 
proteases, which are responsible for the morphological alterations associated 
with apoptosis (i.e. apoptotic phenotype), whereas the formation of heterodi­
mers with BCl proteins inhibit apoptosis (17). The final common apoptotic 
pathway causes contraction of the cytoplasmic volume, nuclear DNA 
cleavage at the internucleosomal linker regions, condensation of chromatin 
and the formation of membrane-enclosed apoptotic bodies, which are 
phagocytosed and digested by nearby resident cells or leukocytes and do not 
elicit any inflammatory reaction (18). In contrast, necrosis is featured by 
cytoplasmic swelling and leakage of the cellular content as a result of loss of 
plasma membrane integrity, which leads to inflammation (18). Suprabasal 
keratinizing keratinocytes of normal human epidermis show condensed 
cytoplasm and chromatin (19), as well as DNA fragmentation (20), confir­
ming the establishment of the mature apoptotic phenotype. Terminal diffe­
rentiation of the keratinocyte, accelerated in psoriasis, may be considered a 
specialized form of the apoptotic program that has evolved to provide a 
barrier function of the skin (19,21). Reports on the expressions of anti­
apoptotic BCl proteins in PP epidermis are inconclusive (both a decrease of 
BCl-2 in basal keratinocytes and an increase of BCl-X throughout all cell 
layers were reported (22,23)), suggesting that apoptosis of PP keratinocytes 
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may be altered. Transglutaminases, Ca2 + -dependent effector enzymes of the 
apoptotic program which catalyze the formation of the keratinocyte cell 
envelope (24), were increased in PP epidermis and localized to suprabasal 
cells (22). 

In the present study, we addressed the question whether IL-1Jl maturation 
in PP EC ex vivo is related to apoptosis. DNA fragmentation, representing 
late apoptosis, was measured by both !erminal deoxynucleotidyl transferase 
(TdT)-mediated deoxyyridine triphosphate (dUTP) nick ,!!nd jabeling (TUNEL) 
and enzyme-linked immunosorbent assay (ELISA) against oligonucleosome­
sized DNA fragments, and was found to be significantly increased in freshly 
isolated PP EC when compared to NN EC. IL-1Jl maturation, measured by 
ELISA and bioassay, was monitored ex vivo and correlated with apoptosis. 
The in situ TUNEL staining was enhanced in PP epidermis and localized to 
the suprabasal cell layers. In a few patients epidermal IL-1Jl immunoreactivity 
co-localized with TUNEL staining, confirming the notion that apoptotic PP EC 
produce mature IL-1Jl. 

MATERIALS AND METHODS 

Patients and controls 
Twenty otherwise healthy patients with plaque-type psoriasis (Outpatient 

Department of Dermatology, Hospital Walcheren, Vlissingen, The Nether­
lands, and University Hospital Rotterdam-Dijkzigt, Rotterdam, The Nether­
lands) were studied after informed consent. Patients remained untreated for 
at least 3 weeks before entering the study. Ten healthy volunteers, individu­
als without history or signs of skin disease, undergoing abdominal or breast 
plastic surgery (Sint Franciscus Hospital, Rotterdam) served as controls. All 
samples were collected after approval of the institutional medical ethical 
committee (MEC 104.050fSPOf1990f30). 

Skin samples 
Split-skin specimens of 10-15 cm2 and punch biopsies (3 mm) were 

obtained from PP and NN skin. Preparation of single EC suspensions was 
performed as previously described (chapter 3.2). Cells were counted micro­
scopically using phase-contrast illumination and viability was determined by 
trypan blue exclusion. Freshly isolated EC were used to collect cytosol and 
to make cytofuge preparations. 

Isolation of EC cytosol 
EC were treated with digitonin as described for human monocytes (25). 

Digitonin and its solvent iso-propanol were removed from the cytosols by 
ultrafiltration of PBS-diluted samples using a YM membrane with a 10-kDa 
cut-off (Centricon-10, Amicon, Danvers, MA). After fiiter-sterilization, 
samples were stored at -80°C. 

107 



Chapter 3.3 

EC-conditioned media 
Freshly isolated EC were seeded at 106 viable cells/ml in 2 ml of a chemi­

cally defined keratinocyte basal medium (KBM/unsupplemented MCDB 153, 
Clonetics, San Diego, CAl and cultured for 2, 4, 8, 16 and 24 h at 37°C 
and 5 % CO2 (j.e. EC ex vivo). Supernatants were collected by centrifuga­
tion, filter-sterilized, supplemented with 0.1 % BSA and stored at -80°C. 
Viability of EC ex vivo was checked, cytosol was collected and cytofuge 
preparations were made. 

ELISA 
IL-1 a and IL-1 j3 were measured with commercially available specific ELISA 

(Mr. M. Kempen, Eurogenetics, Tessenderlo, Belgium) using the protocols 
provided by the manufacturers. Recombinant human IL-la and IL-l j3 served 
as positive controls. The amounts of cytokine were corrected for non­
specific binding of the culture medium, and expressed in pg/l06 total cells. 
The cell death detection ELISA was performed to semi quantitatively assess 
the concentration of mono- and oligonucleosomes in cell Iysates according to 
the manufacturer's protocol (Boehringer Mannheim, Germany). NN EC 
incubated for 4 h with a hypertonic buffer (10 mM Tris pH 7.4, 400 mM 
NaCI, 5 mM CaCI2 and 10 mM MgCI2), which induced apoptosis, were used 
as a positive control. The amounts of DNA fragments were expressed in OD, 
corrected for non-specific binding of lysis buffer, per 105 cell-equivalents. 

IL-l Bioassay 
IL-l activity was measured using a subline of the murine T cell line 

Dl 0.G4.1, designated Dl0(N4)M (Dl0) (kindly provided by Dr. S.J. Hopkins, 
Manchester, UK) (26). Proliferation of the Dl0 cells was measured via [3Hl 
deoxythymidine incorporation. Recombinant human IL-l j3 (UBI, Lake Placid, 
NY) served as a positive control. Cytokine activity was corrected for back­
ground activity of the culture medium and expressed in U/l06 total cells, 
with 1 U/ml corresponding with the half-maximal response. Neutralization 
experiments were performed with sheep-antHL- 1 a and/or IL-1 j3 antibodies 
(Glaxo 1MB, Geneva, Switzerland). After addition of the antibodies to 
optimally diluted samples, and incubation at 37°C and 5 % CO 2 for 45 min, 
the Dl0 cells were added. The anti-IL-1 a and IL-1 j3 antibodies, used at a titer 
of 5,000, neutralized about 10 U/ml recombinant human IL-la (Glaxo) and 
IL-lj3, respectively. IL-la and IL-lj3 activity are given as the percentage of 
total IL-l activity which was neutralized by anti-IL-la and IL-lj3 antibody, 
respectively, and was calculated using the formula: 

IL-1a or IL-lj3 activity (%) = (1 _ cprn neutralized sample - cprn background I x 100 % 
cpm non-neutralized sample - cpm background 
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TUNEL assay 
The TUNEL assay was performed on cytofuged EC preparations and skin 

sections, modified from Gavrieli et al. (20). EC suspensions, supplemented 
with a few percent of human serum to reduce background staining, were 
cytocentrifuged on slides coated with poly-L-Iysine (Sigma, St. Louis, MO) 
using 2.5 x 104 cells per slide, which were stored at -70°C until use. 
Cytospin preparations were fixed in 1.6 % paraformaldehyde for 10 min at 
room temperature (RT). Six ).1m thick cryostat sections of Tissue-Tek • (Miles 
Inc., Elkhart, IN) embedded skin biopsies were prepared just before use, air 
dried, fixed in 4 % paraformaldehyde for 10 min at 4°C, rinsed in PBS and 
refixed in ethanol:acetic acid glacial (2: 1). Apart from fixation both types of 
samples were treated similarly. Samples were rinsed in PBS, dried and rinsed 
with TdT buffer, consisting of 0.1 M NaC2H6As0 2, 1 mM CoCI2 , 0.1 mM 
dithiothreitol and 0.005 % BSA (Fraction V, Sigma) (pH B.6) for 5 min at RT. 
Samples were dried again, overlaid with 50 ).II TdT buffer containing 20 U 
TdT (Pharmacia LKB, Piscataway, NJ), 20 ).1M deoxynucleotide triphosphates 
(dNTPs) and digoxigenin-Iabeled 11-dUTP (Boehringer Mannheim), covered 
with slips and incubated in a humid chamber for 1 h at 37°C. The reaction 
was stopped in 2 x standard sodium citrate (SSC) for 30 min at 37°C. After 
rinsing in PBS, immunological detection was performed using anti-digoxigenin 
sheep Fab fragments conjugated with alkaline phosphatase (Boehringer 
Mannheim) and Fast Blue BB Base (Sigma) as the substrate according to the 
manufacturer's protocols. 

Omitting the TdT enzyme from the nucleotide mixture served as a negati­
ve control. Positive controls comprised normal human thymus and DNAse I 
treatment of skin samples to introduce DNA breaks in all nuclei. For this 
purpose, cytofuge preparations and adjacent skin sections were rinsed in 
DNAse I buffer, consisting of 10 mM Tris-HCI, 10 mM NaCI, 5 mM MgCI2, 
0.1 mM CaCI2 and 25 mM KCI (pH 7.4), incubated in DNAse I buffer contai­
ning 10 ng DNAse I (Boehringer Mannheim) in a humid chamber for 15 min 
at 37°C and rinsed extensively before end-labeling. The skin samples were 
analyzed using standard Zeiss 16 microscopes (Carl Zeiss, Oberkochen, 
Germany). It is of note that staining intensity varied from light, confined to 
the margin of the nuclear membrane, to strong, involving the complete 
nucleus. The percentage of TUNEL-positive cells of cytofuge preparations 
was calculated by counting the number of cells showing a complete nuclear 
staining from a total of 500 - 1000 cells. 

Immunostaining 
Cytospins and skin sections were stained for CD45 (2D1 at 50 ).Ig/ml, 

Becton Dickinson, New Jersey, NJ) and IL-1Jl (Vhp20 at 10 ).Ig/ml, kindly 
donated by Prof. Dr. E. Claassen, Erasmus University Rotterdam, The Nether­
lands). Slides were air dried, acetone-fixed, incubated with the primary 
monoclonal antibody and stained with the supersensitive horse radish 
peroxidase kit (Biogenex, San Ramon, CAl using 3-amino-9-ethylcarbazole 
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(AEC, Sigma) as the substrate. To perform double-stainings for DNA frag­
ments with either CD45 or IL-1 p, TUNEL (omitting refixation in case of skin 
sections) was executed before the AEC substrate step. Finally, slides were 
mounted in glycerol gelatin (Merck, Darmstadt, Germany). The controls 
comprised the use of concentration-matched mouse IgG1 (Becton Dickinson) 
and omitting the first and second step. 

Computational and statistical analysis 
The following formulas were used to calculate loss of viability, the release 

of IL-1 and de novo synthesis of IL-1: 

Loss of viability (%) = 

Release of IL-l (%) = 

(viabitityt:=:O h * viabilitYt=24 hI 

viabilitYt=o h 

supernatant 

(CytOSOlt=24 h + supernatant) 

x 100 % 

x 100 % 

De novo synthesis of IL-l (pg or U/l 0 6 cells/24 h) = cytosolt= 24 h + supernatant - cytosolt=O h 

where viability equals the percentage of trypan blue-negative cells of freshly 
isolated EC (t = 0 h) and short-term cultured EC (t = 24 h); cytosol repre­
sents the intracellular IL-1 levels (pg IL-1a or IL-1P or U IL-1 per 106 cells) of 
freshly isolated EC and short-term cultured EC; and supernatant represents 
the released IL-1 levels by short-term cultured EC. Only positive values for de 
novo synthesis of IL-1 were analyzed. 

Results were analyzed with the Wilcoxon Rank Sum Test (PP versus NN 
sam~les) and the Spearman's Rank Correlation Coefficient (rs) using STA­
TAT (Computing Resource Center, Los Angeles, CAl. Significant differences 
or correlations are indicated by P values smaller than 0.05. 

RESULTS 

PP EC express an enhanced de novo synthesis of IL-1P 
Non-stimulated, short-term primary cultures of PP EC released significantly 

increased amounts of immunoreactive IL-1 a and IL-1 p, and biologically active 
IL-1 into the medium relative to NN EC (Table I). Viabilities of freshly isolated 
PP and NN EC were similar (i.e. 60 %), whereas viabilities of short-term 
cultured PP EC were significantly decreased when compared to NN EC (loss 
of viability: 67 ± 5 % and 24 ± 4 % for PP and NN EC (both n = 11), respec­
tively, P < 0.0001). This "cell death" correlated significantly with the 
calculated release of IL-1 (loss of viability with release of IL-1 a: r s = 0.67, n 
= 14, P < 0.01; release of IL-1 p: rs = 0.55, n = 16, P < 0.025; and 
release of IL-1 activity: rs = 0.75, n = 14, P < 0.005). Intracellular levels 
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Table I. IL-1 production by PP EC ex vivo,a 

pp EC NN EC P value 

/L·T" 
Cytosolt=o h 19.7 ± 10.4 8.1 ± 4.2 NS 
Cytosolt = 24 h 31.8 ± 10.2 56.0 ± 24.3 NS 
Supernatant 39.1 ± 13.6 1.9 ± 0.6 0.0006 

/L·Tp 
Cytosolt=o h 10.2 ± 3.7 0.5 ± 0.2 0.0001 
CytosOlt=24 h 27.1±18.0 1.8 ± 0.6 NS 
Supernatant 25.4 ± 13.5 0.5 ± 0.2 0.001 

IL-t activity 
Cytosolt=o h 2.2 ± 1.4 0.2 ± 0.2 NS 
Cytosolt = 24 h 16.2 ± 8.9 5.5 ± 1.8 NS 
Supernatant 18.2 ± 9.4 0.1 ± 0.1 0.0004 

a The amounts of Immunoreactive IL·ta and lL-1p and bioactive IL-1 present In the cytosol of freshly Isolated EC (t = 0 
hI as well as short·term cultured EC (t = 24 hJ from PP and NN skin, and their corresponding supernatents were 
measured with IL-1« and Il·tj1 ELISA and 010 assay, respectively. Cytosolic samples were ultrafiltered to remove salts 
before testing in the 010 assay. Data reprasent mean ± SEM pg or U IL·' per tcP celis, with the number of observati· 
ons varying between 10 to 15 for psoriatic patients and between 5 to 10 for normal controls. P values Indicate 
significant differences between PP and NN samples. NS: not significant. 

of IL-1P, but not IL-10: and IL-1 activity, were significantly increased in 
freshly isolated PP EC and showed a trend of increase in short-term cultured 
PP EC (P < 0.07). As a consequence, the percentage of PP EC-derived IL-1 
that is released into the medium was significantly increased for IL-10: and IL-
1 activity, but not IL-1P, when compared to NN EC (Fig 1A). However, when 
calculating de novo synthesis of IL-1, the de novo synthesis of IL-1 p by PP 
EC, but not IL-10: or IL-1 activity, was significantly increased (Fig 1 B). In 
addition, there was a significant inverse correlation between de novo 
synthesis of IL-1P and loss of viability by PP EC (rs ~ -0.73, n ~ 10, P < 
0.02). 

PP EC, but not Intra-epidermal leukocytes, express enhanced DNA fragmen­
tation 

To investigate whether PP EC underwent apoptosis, we first analyzed the 
extent of DNA fragmentation in these cells. Both TUNEL assay performed on 
cytofuge preparations as well as ELISA specific for oligonucleosome-sized 
DNA fragments present in EC-derived cytosol showed that freshly isolated PP 
EC expressed significantly increased amounts of DNA fragments when com­
pared to NN EC (Figs 2 and 3). TUNEL following DNAse treatment showed 
that the accessibility to TdT is similar in all nuclei of EC (Fig 2B), with no 
difference observed between PP and NN EC. Double-stainings showed that 
TUNEL-positive cells expressed a pan-keratin marker (not shown), whereas 
intra-epidermal leukocytes, constituting about 5 % of PP EC (27), were 
predominantly TUNEL-negative, as less than 5 % of apoptotic cells expres­
sed the CD45 marker (Fig 4, annex 'Color Plates'). 
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Figure 1. Release and de novo synthesis of Il·1 by PP EC ex vivo. Computational analyses of 
the amounts of immunoreactive fl-l (;( and fL-l j3 and bioactive Il-1 present in the cytosol of 
freshly isolated EC as well as short-term cultured EC from PP and NN skin, and in their corres­
ponding supernatants, revealed the individual releases of IL-l (Fig A) and de novo syntheses of 
Il-1 (BL as described in the materials and methods section. See Table I for details. Bars 
represent mean ± SEM % and pg or U per 106 cells per 24 h for release and de novo synthesis 
of Il-1, respectively. P values indicate significant differences between PP and NN samples. 

Processing and release of IL-1P by PP EC is related to apoptosis 
To further analyze apoptosis in PP EC and to discern whether it is related 

to de novo synthesis of IL-1/3, cells were monitored ex vivo for intracellular 
as well as extracellular levels of DNA fragments, immunoreactive and 
biologically active IL-1/3 in parallel. The peak percentage of TUNEL-positive 
cells was observed at 16 h after seeding PP EC (Fig 5A). ELISA analysis of 
corresponding EC-derived samples showed that oligonucleosome-sized DNA 
fragments were predominantly present intracellularly, where they peaked at 
8 h, whereas extracellular levels were only maximal at 24 h after seeding EC 
(Fig 56). Thus, DNA fragmentation clearly preceded the loss of plasma 
membrane integrity, which provides evidence for true apoptosis. In addition, 
the release of DNA fragments into the cytoplasm preceded complete nuclear 
TUNEL staining, the latter probably representing late apoptosis. Moreover, 
there was a nice intra-patient correlation between the release of DNA frag­
ments, calculated as described for the release of IL-1 in the materials and 
methodssection, and the TUNEL staining (rs = 0.89, n = 6, P < 0.025). 
Levels of IL-1/3, as measured by ELISA, paralleled those of DNA fragments, 
with peak levels of intracellular DNA fragments lagging behind those of 
intracellular IL-1/3 (Fig 5C). Finally, the use of the D10 assay with neutralizing 
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anti-IL-10; and IL-11l antibodies showed that intracellular IL-11l processing 
occurred at 8 h after EC seeding, which coincided with maximum cellular 
DNA fragmentation (Fig 58) as well as total intracellular IL-1 activity (Fig 
50). The releases of DNA fragments, immunoreactive IL-11l and biologically 
active IL-1 were correlated (both DNA fragments and IL-1 activity with IL-11l: 
rs = 0.83, n = 6, P < 0.05, and DNA fragments with IL-1 activity: rs = 
1.0, n = 6, P < 0.01). 

A B 
II1II TUNEL I'ilil ELISA 

p<O.05 

o 
PP NN PP NN 

type 01 EC 
Figure 3. PP EC express enhanced DNA fregmentetlon. Freshly isolated EC were analyzed for 
DNA fragmentation using both the TUNEL assay (Fig A) and the cell-death ELISA (B). Results are 
given in mean ± SEM % positive cells and 00 per 105 cell-equivalents for TUNEL and ELISA, 
respectively. Only cells showing a complete nuclear staining were analyzed as TUNEL-positive 
cells. The number of observations were 10 for PP EC and 5 for NN EC. P values indicate 
significant differences between PP and NN samples. 

PP I'pidermis expresses enhanced DNA fragmentation which co-localizes with 
IL-1/l to the granular cell layers 

We extended our findings to the in vivo situation. TUNEL staining of skin 
sections showed that PP epidermis expressed increased DNA fragmentation 
when compared to NN epidermis, which was localized to the upper stratum 
granulosum (Fig 6). Epidermal IL-11l immunoreactivity was only detected in 
part of the skin samples. However, two out of fifteen psoriatic patients 
displayed a clear IL-11l staining which co-localized with DNA end-labeling (Fig 
7, annex 'Color Plates'). 
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Figure 5. Apoptosis and Il·1p maturation in PP EC. PP EC-derived cytosofs and supernatants 
were collected at 0, 2, 4, 8, 16 and 24 h after seeding in KBM and tested for DNA fragments 
(Fig BL fl·1 P immunoreactivity (e) and Il·1 activity (D) in parallel with cell-death ELISA, Il-l P 
ELISA and D10 assay, respectively. Corresponding EC cytospins were used to perform the 
TUNEl assay (A). Cytosolic samples were ultrafiltered to remove salts before testing in the D10 
assay. Percentages placed above the bars of total fl-l activity (D) indicate the percentage of 
activity due to fl-l p, as analyzed with neutralizing antibodies. When the Il-1 activity is 
completely due to Il-1a, no percentages are indicated. Results of a representative experiment is 
shown (n = 2). 

DISCUSSION 

The present study provides evidence, based on different types of skin 
samples as well as different detection methods, that resident PP EC express 
enhanced apoptosis, and that this form of cell death is linked to de novo 
synthesis of IL-1Jl. We noted that non-stimulated, short-term primary 
cultures of PP EC showed a significant loss of viability, as measured by 
trypan blue exclusion, when compared to NN EC, and that this loss of 
viability correlated significantly with the percentage of EC-derived IL-1 
released into the medium. This confirms and extends previous data reported 
by our group (chapter 3.2). The absolute amounts of IL-1 a, IL-1Jl as well as 
biologically active IL-1 released by PP EC ex vivo were .ill.! significantly 
increased relative to NN EC (Table I). However, only the relative releases of 
IL-1a and biologically active IL-1 by PP EC, but not IL-113, were significantly 
increased (Fig 1 A). This suggests necrosis to be responsible for the release 
of biologically active intracellular (pro-liL-1a by PP EC. This is in accordance 
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Figure 6. PP epidermis expresses enhanced TUNEl staining, which localized to suprabasal EC. 
TUNEL assay was performed on sections of PP (Fig Al and NN skin (B). Results of a representa­
tive patient are shown (PP skin: n = 15, and NN skin: n = 10). Mag" 250 X. 

with the previously observed correlation between loss of viability and release 
of lactate dehydrogenase activity as a marker for cytosol by EC ex vivo 
(chapter 3.2). In contrast, the increased amounts of IL-1f3 in PP EC superna­
tants were primarily due to increased de novo synthesis of IL-1f3 (Table I and 
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Fig 18). De novo synthesis of IL-113 by PP EC was inversely correlated with 
loss of viability which indicated that trypan-blue negative (i.e. non-necrotic 
cells) produced IL-113. Releases as well as de novo syntheses of IL-1 a, IL-113 
and IL-1 activity were nicely interrelated (not shown) being in line with our 
previous observation that PP EC produce predominantly biologically active 
(pro·)lL-1 a, released by cytosolic leakage, but also process pro-IL-113 into the 
secreted mature and biologically active IL-113 (chapter 3.2). Keratinocytes 
may represent the responsible cell-type for the observed IL-1 production by 
PP EC ex vivo, as suggested by the IL-1 production by PP EC depleted for 
intra-epidermal leukocytes (chapter 3.2) and the ability of human kera­
tinocytes to actively produce IL-113 in vitro (28). 

The extent of DNA fragmentation, as a measure of apoptosis, was 
analyzed in freshly isolated PP EC. We showed for the first time that PP EC 
expressed significantly increased numbers of cells with 3'OH DNA termini, as 
observed with TUNEL staining, and increased amounts of cytosolic oligonu­
cleosome-sized DNA fra·gments, as assessed with ELISA, when compared to 
NN EC (Figs 2 and 3). TUNEL staining of intra-epidermal leukocytes (CD45 + 
cells) was negligible (Fig 4, annex 'Color Plates'). Thus, keratinocytes 
predominantly contributed to the increased DNA fragmentation in PP EC. 
Further analysis of short-term cultures of PP EC revealed that DNA fragmen­
tation represented true apoptosis and correlated with IL-113 maturation (Fig 
5). Necrosis cannot be ruled out as a mean of IL-1 processing and secretion, 
as ionic perturbation may be necessary for the activation of ICE (29). In our 
ex vivo model, DNA fragmentation clearly preceded the loss of plasma 
membrane integrity (Fig 58), which provides evidence for apoptosis, but not 
necrosis, as the primary pathway of cell death. In addition,· the release of 
oligonucleosome-sized DNA fragments into the medium significantly correla­
ted with TUNEL staining, which is reported to be specific for apoptosis (30). 
This is in line with previous observations by others that both DNA cleavage 
at internucleosomal sites and complete nuclear TUNEL staining occur during 
late apoptosis of epithelial cells (20,31). The significant relation between the 
release of DNA fragments and that of biologically active IL-113 by PP EC is a 
novel finding. Kinetics showed that production, processing and secretion of 
mature IL-113 paralleled the generation and release of DNA fragments (Figs 
58, C and D). Synthesis and release of IL-1 a by PP EC displayed similar 
kinetics (not shown). Processing of IL-113 indicates that an ICE-like protease 
was activated, which may be essential for the release of IL-1a and IL-113 (9) 
and to the process of apoptosis (11). For instance ICE has been reported to 
activate CPP32/Y AMA, which cleaves poly(ADP-ribose) polymerase (PARP) 
and inhibits most of its DNA repair activity, thereby accelerating the demise 
of the cell (32). ICE-like proteases may also activate endonucleases, which 
could explain the appearance of cytosolic oligonucleosomal DNA fragments 
(Fig 58). Finally, complete nuclear DNA fragmentation could be visualized 
with the TUNEL assay (Figs 2 and 5A). Our results ex vivo are in accordance 
with the recent report that apoptotic keratinocytes in vitro show enhanced 
production of IL-1 (33). 

The findings ex vivo were extended to the situation in vivo. We showed 
that TUNEL staining of PP epidermis was increased in situ when compared to 
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NN epidermis and localized to the upper granular cell layers (Fig 6). TUNEL 
staining of PP epidermis was also increased when compared to correspon­
ding non-Iesional psoriatic (PN) skin (not shown). Our in situ TUNEL stainings 
of NN epidermis confirmed the findings by Gavrieli et al. (20). TUNEL 
staining of PP epidermis, however, was reported to include all cell layers, but 
cells were not apoptotic to morphological standards (22,23). This latter 
finding may in fact represent a false-positive staining as a consequence of 
technical differences relative to our TUNEL protocol (Le. proteinase K pre­
treatment was omitted from our, but not from other protocols). The observa­
tion that PP epidermis expressed increased DNA end-labeling in situ confir­
med the results with freshly isolated single EC (Fig 2). In psoriasis, increased 
apoptosis may merely represent a homeostatic mechanism to counteract the 
overproduction of keratinocytes (22). In addition, as apoptotic keratinocytes 
can express autoantigens (34,35), our finding may be of pathological 
relevance to psoriasis. 

To provide in vivo proof that apoptotic epidermal cells produce IL-1j3, 
double-stainings were performed. Although epidermal IL-1j3 immunoreactivity 
was hard to detect, a few psoriatic patients did reveal strongly IL-1j3-positive 
epidermal areas which were lined by cells positive for both DNA breaks and 
IL-1j3 (Fig 7, annex 'Color Plates'). Further immunohistochemical analysis 
showed that leukocytes (i.e. neutrophils) were at least in part responsible for 
the strong epidermal IL-1j3 immunoreactivity (not shown). Immunohisto­
chemistry may in fact not be sufficiently sensitive to detect keratinocyte­
derived IL-1j3, perhaps as a consequence of masked epitopes. In addition, PP 
epidermis may display an altered IL-1j3 processing in vivo (5) resulting in the 
expression of non-recognizable epitopes. Of a panel of anti-IL-1j3 monoclonal 
and polyclonal antibodies only the Vhp20 antibody, used in this study, 
detected epidermal IL-1j3 immunoreactivity in part of the skin samples 
investigated. The Vhp20 reactivity localized to the suprabasal cell layers. 
This staining pattern confirmed the electron microscopy studies of Didierjean 
et al. showing exocytosis of IL-1j3 in the stratum granulosum of normal 
human epidermis (36). Epidermal IL-1j3 is reported to show important pro­
inflammatory properties, as IL-1j3 may be involved in both the chemotaxis of 
leukocytes (e.g. via induction of keratinocyte IL-8 (37)) and their protection 
from apoptosis (38,39). Therefore, epidermal IL-1j3, which is increased in at 
least a subpopulation of psoriatic patients (Fig 7, annex 'Color Plates'), may 
contribute to the pathogenesis of psoriasis. 

Taken together, PP EC show an increased de novo synthesis of IL-1j3 that 
is linked to apoptosis ex vivo. Also, suprabasal PP keratinocytes in vivo 
express increased apoptosis which co-localizes with IL-1j3 in a small sub­
group of psoriatic patients. It is speculated that keratinocyte apoptosis may 
contribute to the generation of epidermal IL-1j3, and thus to the inflammatory 
response in psoriasis. 
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PSORIATIC EPIDERMAL CELLS EXPRESS ELEVATED LEVELS 
OF FUNCTIONAL IL-4 RECEPTORS. 

IL-4 downregulates the IL-1 and IL-G production ex vivo.' 

Reno Debets, Joost P.J.J. Hegmans, Paul Croughs, Evgenia Mandrusov, 
Roger J,J. Troost 1, Robbert Benner and Errol P. Prans. 

Departments of Immunology and Dermatology', Erasmus University 
Rotterdam and University Hospital Rotferdam-Dijkzigt, The Netherlands. 

ABSTRACT 

Our group has recently observed that epidermal cells (EC) derived from 
involved psoriatic (PP) skin express an increased production of IL-l and IL-G 
relative to normal control (NN) skin. We also found that PP EC express 
increased levels of IL-4 receptor (IL-4R). The IL-4R mediates the anti-inflam­
matory properties of its ligand IL-4, which is reported to downregulate the 
expression of IL-l and IL-G in monocytic cells. In the present study, the IL-4R 
expression by PP, non-Iesional psoriatic (PN) and NN EC was further charac­
terized by phenotypic as well as functional analyses. Immunostaining of skin 
sections localized IL-4R to basal and some suprabasal keratinocytes and cells 
in the upper dermis. Semiquantitative analyses of immunostaining and in situ 
hybridization showed that the epidermal expression of IL-4R was highest in 
PP skin, intermediate in PN skin and lowest in NN skin. The IL-4R protein 
levels correlated nicely to those of IL-4R mRNA, suggesting that the increa­
sed expression of IL-4R in psoriatic epidermis is due to an enhanced trans­
cription of the IL-4R gene. Reverse transcriptase - polymerase chain reaction 
(RT-PCR) on RNA derived from freshly isolated single EC suspensions confir­
med these findings. Short-term primary cultures of PP EC (termed ex vivo 
model), treated with recombinant human IL-4, showed a clear reduction of 
their basal IL -6 protein production, and to a lesser extent of IL-l P but not IL-
10:, as measured by enzyme-linked immunosorbent assasy (ELISA). The 
inhibition of IL-6 production was most profound when PP EC were cultured 
for 24 h with 100 U/ml of IL-4, resulting in 65 % reduction of the IL-6 
production. RT-PCR analysis of the corresponding RNA samples, however, 
indicated that IL-4 did not affect the steady-state mRNA levels of IL-6, 
whereas those of IL-1P were reduced in PP EC. IL-4 treatment of IL-1P­
stimulated NN EC and peripheral blood mononuclear cells reduced the mRNA 
levels of both cytokines. This is the first study providing evidence that PP EC 
express functional IL-4R and that IL-4 exerts anti-inflammatory effects on EC 

" Submitted for publication 
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via downregulating the production of IL-1 and more notably of IL-6 protein, 
probably at the post-transcriptional level. 

INTRODUCTION 

Keratinocytes of lesional psoriatic (PP) skin display a typical phenotype 
which comprises overexpression of markers of proliferation, differentiation 
and immune activation (1,2). The activated state of PP keratinocytes 
probably results from a dysregulated cross-talk between skin infiltrating T 
cells and epidermal keratinocytes (3-5). Cellular communication is directed by 
cytokines and their receptors. Work from our group and others showed an 
enhanced expression of interleukin 1 p (lL-1 PI, IL-1 ra, IL-1 receptor type II (lL-
1 RII) and IL-6 by PP epidermis when compared to non-Iesional (PN) and 
normal control (NN) epidermis in vivo (chapter 3.1, and refs 6-12). Further­
more, we observed that freshly isolated PP epidermal cells (EC) express 
increased levels of IL-1P mRNA and cytosolic IL-1P protein (chapters 3.1 and 
3.2). In addition, non-stimulated, short-term primary cultures of these cells 
(termed ex vivo model) were found to release highly increased levels of biolo­
gically active IL-1a, IL-1 P and IL-6, being in line with reports on the situation 
in vivo (chapter 3.2 and ref 9). Moreover, the pro-inflammatory cytokines IL-
1 and IL-6 are mitogenic for normal human EC (10,13), suggesting an 
involvement of these cytokines in the pathogenesis of psoriasis. More 
recently we have found that PP EC express increased levels of immuno­
reactive IL-4R and IL-4R mRNA, and an increased number of binding sites for 
recombinant human IL-4 (14). It is important to note that in psoriatic lesions 
the IL-4 ligand is, however, only present in negligible amounts as the infiltra­
ting T cells predominantly produce T helper type 1 (T H 1 I-type cytokines 
(12,15). 

IL-4, a T H2-type 2 cytokine, is predominantly produced by T cells and 
mast cells (see for review ref 16). This cytokine has pleiotropic effects on 
lymphoid cells as well as non-lymphoid cells, ranging from the promotion of 
cellular survival, growth and differentiation (17-21), the inhibition of produc­
tion of pro-inflammatory cytokines (22-24) to the inhibition of human tumor 
cell growth (25). The modulating effects of IL-4 depend on cell-type (26), 
stimulating agent (e.g. cytokine) and response-parameter (27), and are 
probably regulated, at least in mononuclear cells, at the level of activation of 
transcription factors (26,28,29). IL-4 downregulates the production of IL-1, 
IL-6 and tumor necrosis factor-a (TNF-a) by human monocytes (22-24), and 
the production of IL-6 by leukemic cells (30,31). However, IL-4 upregulates 
IL-6 production by resting human B cells (32), human endothelial cells (33), 
and human keratinocytes (34). With respect to human dermal fibroblasts 
there exists some controversy, as one study reports a stimulatory effect 
(21), whereas another study reports no effect of IL-4 on the IL-6 production 
(26). At present, the effect of IL-4 on the production of IL-1 and IL-6 by PP 
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EC is not known. The Il-4R has been observed on a variety of human cell 
types, such as Band T lymphocytes, hematopoietic precursors, fibroblasts, 
epithelial cells, endothelial cells (35) and solid tumors of epithelial origin 
(36,37). The expression of epidermal Il-4R in psoriasis and its functionality 
need further characterization. 

In the current study, we examined the Il-4R expression by PP, PN and NN 
EC with immunostaining, in situ hybridization (ISH) and reverse transcriptase 
- polymerase chain reaction (RT-PCR) using skin biopsies and single EC 
suspensions. The effect of Il-4 on the production of Il-1 and Il-6 by these 
cells ex vivo was analyzed as a measure of the functionality of this receptor. 
Freshly isolated single EC actively produce Il-1 and Il-6 (chapter 3.2) and 
provide RNA close to its state in vivo (38). The epidermal expression of Il-4R 
protein and mRNA was highest in PP EC, intermediate in PN EC and lowest in 
NN EC. Receptors were functional as recombinant human Il-4 reduced the 
production of Il-1 and more clearly of Il-6 protein by PP EC, probably at the 
post-transcriptional level. 

MATERIALS AND METHODS 

Patients and controls 
Nineteen otherwise healthy patients (Outpatient Department of Dermatolo­

gy, Hospital Walcheren, Vlissingen, The Netherlands, and University Hospital 
Rotterdam-Dijkzigt, Rotterdam, The Netherlands) with untreated plaque-type 
psoriasis were studied after informed consent. The disease activity, severity 
and extent were determined for each patient and expressed as psoriasis area 
and severity index (PASIl scores (39). PP skin was obtained from all patients 
and PN skin from nine patients. Fourteen healthy volunteers, individuals 
without history or signs of skin disease, undergoing abdominal or breast 
plastic surgery (Sint Franciscus Hospital, Rotterdam) served as controls. All 
samples were collected after approval of the institutional medical ethical 
committee (MEC 1 04.050fSPOf1990f30). 

Immunohistochemistry 
Immunohistochemistry was performed on 6 flm thick cryostat sections of 

Tissue-Tek$ (Miles Inc., Elkhart, IN) embedded punch biopsies (0 = 3 mm) 
obtained from PP, PN and NN skin. The immunostaining was performed with 
the supersensitive alkaline phosphatase kit (Biogenex, San Ramon, CAl using 
new fuchsin (Chroma-Gesellschaft, Kiingen, Germany) as the chromogen. 
The anti-ll-4R monoclonal antibody MR6 (kindly donated by Dr. M. larche, 
london, UK) was used in a concentration of 20 flgfml. Slides were coun­
terstained with Mayer's hematoxylin, mounted in glycerol gelatin (Merck, 
Darmstadt, Germany) and evaluated microscopically. The controls comprised 

.. concentration-matched control mouse IgG1 (Becton Dickinson, Plymouth, 
UK) and omitting the first and second step. The extent and intensity of the 
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stainings of biopsy specimens were semiquantitatively assessed by two of 
the authors (RD and JPJJH). The epidermal reaction was scored on a 0-4 
scale with the following values: 0, no reactivity; 1, weak reactivity; 2, 
moderate reactivity; 3, strong reactivity; and 4, very strong reactivity 
(modified from ref 40). 

In situ hybridization 
The 0.83 kb human IL-4R cDNA cione (nucleotides 2309-3143, see ref 

41) was inserted into pBluescript SK- to construct the huIL-4RPR plasmid, 
kindly provided by Dr. T. Trout (lmmunex Corp., Seattle, WA). The plasmid 
was linearized with Clal to synthesize the antisense cRNA probe or with Notl 
to synthesize the sense cRNA probe by T3 and T7 RNA polymerase, respec­
tively, using a digoxigenin RNA labeling kit (Boehringer Mannheim, Germany). 
The 0.78 kb EcoRI-Pstl fragment of the glyceraldehyde-3-phosphate dehydro­
genase (GAPDH) cDNA was cloned and used to synthesize RNA probes as 
described previously (chapter 3.1). The size of the transcripts was analyzed 
by electrophoresis and subsequently reduced to an average length of 100 
base pairs (bp) by limited alkaline hydrolysis (42). The labeling efficiency was 
checked by Southern hybridization of the IL-4R cDNA clone, and the specifi­
city by Northern hybridization of total cellular RNA extracts (not shown). 
The in situ hybridization was performed as described elsewhere (chapter 
3.1). Hybridization was detected using sheep anti-digoxigenin Fab fragments 
conjugated with alkaline phosphatase according to the manufacturer's 
protocol (Boehringer Mannheim). The negative controls comprised omitting 
probe or antibody, hybridization with the sense probe, and RNAse (10 
mg/ml) treatment for 1 h at 37°C before hybridization. In situ expression of 
IL-4R mRNA was only evaluated in those slides showing no hybridization 
signal with the corresponding sense probe and a positive hybridization signal 
with the GAPDH antisense probe which confirmed the preservation of 
cellular RNA. ISH and immunostaining were performed on serial sections, and 
the ISH findings were ranked to relate the mRNA expression to the protein 
expression. Ranking was performed as described for immunostaining. 

EC-conditioned media 
EC suspensions were prepared as previously described (chapter 3.2). Cells 

were counted microscopically using phase-contrast illumination and viability 
was determined by trypan blue exclusion. Freshly isolated PP EC were 
seeded at 106 viable cells/ml in RPMI 1640 medium (Gibco Ltd., Paisley, 
Scotland) supplemented with 25 mM HEPES, 2 mM glutamax-I, 100 U/ml 
penicillin, 100 j.lg/ml streptomycin and 0.1 % human serum (Red Cross Blood 
Center, Rotterdam, The Netherlands) using 12 x 75 mm polypropylene tubes 
(Becton Dickinson) and incubated for 1 to 24 h at 37°C and 5 % CO 2, This 
ex vivo model was used to monitor PP EC. Supernatants were collected by 
centrifugation, filter-sterilized and stored at -80°C until used for enzyme­
linked immunosorbent assay (ELISA) measurements. Cells, collected by 
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centrifugation, were used to check viability and to isolate RNA. Kinetic and 
dose-response studies were performed with recombinant human IL-4 (43), 
kindly donated by Ms. A. Van Kimmenade (DNAX Research Inst., Palo Alto, 
CAl. The specific activity of recombinant human IL-4, being 107 U/mg 
protein, was determined with the use of ELISA (Bender MedSystems, Vien­
na, Austria) and a biological assay (slightly modified from ref 44). One Unit 
of IL-4 was defined as the amount of IL-4 required to cause half-maximum 
uptake of [3Hldeoxythymidine by 1 OS/200 ~I peripheral blood mononuclear 
cells (PBMC) which were preactivated at 106 cells/ml with 5 ~g/ml phyto­
hemagglutinin (PHA) for 3 days and then extensively washed. 

ELISA 
The amounts of IL-1 IX, IL-1 P and IL-6 present in supernatants were 

measured with commercially available specific ELISA kits (Mr. M. Kempen, 
Eurogenetics, Tessenderlo, Belgium) using the protocols provided by the 
manufacturers. 

Reverse transcriptase - polymerase chain reaction 
Total cellular RNA was isolated by the guanidine isothiocyanate extraction 

procedure (45). Prior to RT-PCR, the samples were treated with RNAse-free 
DNAse (DNase I, Amplification Grade, GIBCO BRL, Gaithersburg, MD) at a 
final concentration of 1 U/~g RNA for 15 min at room temperature (RT) to 
digest contaminating genomic DNA. The DNase I was inactivated by 2 mM 
EDTA. Samples were reverse transcribed into cDNA and subsequently 
amplified, as described elsewhere (chapter 3.1). Sets of primers and probes 
are mentioned in Table I. The IL-4R oligonucleotides, which we developed, 
displayed no homology to known complementary cDNA sequences, except 
human IL-4R cDNA, as verified by searching EMBL database (February 1 996) 
using the program BLASTN 1.4.7 (49). The necessity of DNase treatment of 
the RNA samples indicated that our primers span a region within the same 
exon of the IL-4R mRNA molecule. PCR products were determined at 30 
cycles, except'. for IL-6 PCR products which were determined at 45 cycles. 
Transcripts of the GAPDH housekeeping gene were used as an internal 
control to standardize for total cellular mRNA. Serial dilutions of individual 
cDNAs, starting from approximately 5 ng cDNA, were amplified using 
GAPDH primers and showed concomitant decreases of amplified products. 
cDNA concentrations were selected which yielded equivalent quantities of 
GAPDH products and fell within the linear range of amplification (12). Each 
experiment included a positive control (cDNA from lipopolysaccharide (LPS)­
treated PBMC) and a negative control (DNase-treated RNA that had not been 
reverse transcribed or water). The specificity of the PCR products was 
verified by Southern hybridization. 
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Table I. Oligonucleotides for peR amplification and detection of EC·derived cytoklne and 
cytoklne receptor cDNAs. 

Cytokine(R) Oligonucleotide Sequence (6' to 3') 

IL-1P 

IL-6 

IL-4R 

GAPDH 

sense primer CCAGCTACGAATCTCGGACCACC 
antisense primer TIAGGAAGACACAAATTGCATGGTG 

AAGTCAGT 

probe CGATCACTGAACTGCACGCTCCGGG 

sense primer ATGAACTCCTTCTCCACAAGC 

antisense primer TGGACTGCAGGAACTCCTT 

probe GAGGTATACCTAGAGTACCTC 

sense primer CTGGAGCACAACATGAAAAGG 

antisense primer AGTCAGGTTGTCTGGACTCTG 

probe TGGCCAGAGAGCATCAGCGT 

sense primer CCGAGCCACATCGCTCAGACAC 

antisense primer GGCCATCCACAGTCTTCTGGGT 

probe CTTCCAGGAGCGAGATCCCTC 

a size of amptimer in bp 

Controls 

Size of amplimer8 

667 

613 

510 

594 

Reference 

46 

46 
46 

47 
47 
47 

48 
48 
48 

Cellular controls to test IL-4 responsiveness were NN EC and PBMC. NN 
EC were stimulated with 100 Ufml recombinant human IL-1 Jl (Glaxo, Geneva, 
Switserland), using the culture conditions as described for PP EC, in the 
presence or absence of 100 Ufml IL-4 for 4 h. PBMC were cultured at 5 x 
106 cellsfml in RPMI 1640 medium supplemented with HE PES, glutamax-I, 
antibiotics, 2 % human serum and 10 flgfml LPS (Escherichia coli 026:B6, 
Difco Laboratories, Detroit, MI) in the presence or absence of 100 Ufml IL-4 
for 16 h. The effects of IL-4 on the expression of IL-1 and IL-6 were compa­
red to those of the anti-inflammatory agent dexamethasone, used at 10-7 M 
for 4 h. 

Statistical analysis 
Results were analyzed with the Wilcoxon Matched-Pairs Signed-Rank Test 

(PP versus PN samples), the Wilcoxon Rank Sum Test (PP or PN versus NN 
samples) and the Spearman's Rank Correlation Coefficient (rs) using STA­
TA ™ (Computing Resource Center, Los Angeles, CAl. Significant differences 
or correlations are indicated by P values smaller than 0.05. 
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RESULTS 

PP and PN epidermis express increased levels of IL·4R protein and mRNA 
when compared to NN epidermis 

Immunohistochemical staining of skin sections clearly showed that IL·4R 
was localized to basal and some suprabasal keratinocytes and upper dermal 
cells (Fig 1, annex 'Color Plates', and Table II). The IL·4R expression was 
highest in PP skin (PP versus PN and PP versus NN: P < 0.02 and P < 
0.002, respectively), intermediate in PN skin (PN versus NN: P < 0.04) and 
lowest in NN skin. Similar findings were observed with ISH of IL·4R mRNA 
performed on serial sections (Fig 2, annex 'Color Plates', and Table II). In 
fact, the individual scores of immunostaining correlated well with those of 
ISH (Table II, rs = 0.7, n = 20, P < 0.0025). The results with whole skin 
sections were confirmed by PCR analysis of steady·state IL-4R mRNA levels 
in freshly isolated PP EC (n = 10) and NN EC (n = 5) (Fig 3). cDNA samples 
from DNAse-treated RNA were titrated to standardize for the expression of 
the GAPDH gene. It is of note that the amounts of cDNA from PP EC were 
less, on average 4 times, than those from NN EC, which reflected the 
enhanced metabolic state of PP cells. 

Table II. Expression of Il-4R at the mRNA and protein level In skin biopsies. a 

protein 
mRNA 

ppb 

Patient number 

1 2 3 456 789 

333134433 
1122N0222NO 

PASI NO 16 24 25 7 12 7 4 6 

PN 
Patient number 

123456789 

122N031122 
1111101NONO 

NN 
Control number 

1 234 5 6 7 8 9 

No11211010 
011N001000 

a Sarial skin sections ware enalyzed using Immunohistochemistry and ISH for the expression of IL-4R at the protein and 
mANA level, respectively. Findings were scored on a 0-4 scale based on the extent and Intensity of the s1gnal. See text 
for details. 

b Type of skin (PP, leslonal psoriasis; PN, non-Ieslonal psoriasIs; and NN, normal controll. 
e NO, not dona. 

IL·4 downregulates the production of IL·B protein, and to a lesser extent of 
IL·1p but not Il·1", by PP EC 

Exogenous recombinant human Il-4 clearly reduced, although to varying 
degrees in different patients, the basal production of Il·B by PP EC ex vivo 
(Fig 4A, n = 5). Il·4 reduced the secretion of Il·111 to a lesser extent, but 
did not affect the secretion of Il-1 u. Time-response studies showed that 100 
U/ml Il·4 induced an inhibition of the Il-B production which was already 
prominent at 2 h (i.e. a two-third reduction of the Il·6 production), and 
persisted throughout the 24 h test-period (Fig 4A). In absolute terms, the 
most profound inhibition was observed at 24 h culture, as the basal Il-6 
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PPEC NNEC 

Patient no. 10 11 12 13 14 15 16 17 18 19 8 9 10 11 12 

tL-4R 

GAPDH 

PASI 7 7 8 9 6 4 12 3 6 16 

Figure 3. peR analysis of IL-4R mRNA in PP EC. cDNAs were synthesized from RNA of freshly 
prepared EC suspensions from PP (n = 10) and NN skin specimens In = 6), Individual cDNAs 
were standardized for the level of GAPDH mRNA. Water or non-reverse transcribed RNA gave no 
signals, whereas eDNA from LPS-treated PBMe was clearly positive in all peRs performed (not 
shown). 

production by PP EC was maximal at this time point. The inhibitory effect of 
IL-4 was similar at doses ranging from 1 to 1000 U/ml IL-4 (not shown). IL-4 
did not affect the negligible amounts of IL-l and IL-6 produced by non­
stimulated or IL-l p-stimulated NN EC (not shown). As expected, IL-4 treat­
ment of PBMC,as a positive control, resulted in a drastic decrease of the IL-
10:, IL-l P as well as IL-6 production (Fig 4B). Dexamethasone, a potent anti­
psoriatic therapeutic agent, was less effective than IL-4 in the reduction of 
cytokine production by PBMC. 

IL-4 does not affect the steady-state mRNA levels of IL·6, but reduces those 
of IL·lli in PP EC 

Semiquantitative RT-PCR analysis was performed on corresponding RNA 
samples. Short-term culture of cells (either EC or PBMC) resulted in upregula­
tion of IL-l and IL-6 mRNA levels (not shown). Treatment of PP EC with 100 
U/ml IL-4 for 4 h did not affect the steady-state mRNA levels of IL-6 ex vivo, 
whereas those of IL·lp were reduced (i.e. IL-4 abrogated the increase of IL­
l P mRNA expression ex vivo) (Fig 5). IL·4 treatment of NN EC reduced the 
mRNA levels of both cytokines, most notably those of IL·l p. Time and dose· 
response studies confirmed these findings. Prolonged treatment of EC with 
IL-4 (i.e. 24 h) did not result in persistence of the inhibiting effect on cytoki­
ne mRNA expression (not shown). PBMC cultured in the presence of IL·4 
showed a clear reduction in the expressions of IL-l p and IL-6 mRNA levels, 
which was not found when cells were cultured in the co-presence of LPS 
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Figure 4. Effect of Il·4 on secretion of Il-1 and Il-6 by PP EC. PP EC were incubated in the 
absence (w/o: without) or presence of 100 U/ml recombinant human IL·4 (w: with) for 1, 2, 4 or 
24 h as described in the materials and methods section. Supernatants were tested for Immu· 
noreactive IL-la, IL·lp and fL·6 by ELISA. Results of a representative PP EC In = 6) are given 
(Fig A). The controls included 16 h supernatants of LPS·stimulated P8MC treated with IL·4 or 
dexamethasone (10-7 M, 4 h). A representative experiment is shown (8). Results are given in 
means of triplicate measurements which deviate less than 6 % from the mean. 

(Fig 5). The expression of cytokine mRNAs by EC and PBMC was also 
reduced by dexamethasone (Fig 5). Note that EC-derived IL-la mRNA was 
not detectable with RT-PCR, despite the use of different primer sets or 
extension of PCR to 45 cycles (chapter 3.1). 
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Figure 6. Effect of IL·4 on IL·' and IL·6 mRNA levels In PP EC. PCR analysis of steadY'state IL 
lJl and IL-6 mRNA levels in PP _~C (n = 3) after culture with or without 100 U/m11L-4 for 4 h. 
Il-lj3-stimulated NN EC (n = 3) and PBMC (n = 2) were used as controls. See legend to Figure 
3 for details. 

DISCUSSION 

Results of the present study indicate that basal keratinocytes of psoriatic 
. epidermis express increased levels of functional IL·4R. Semiquantitative 
analyses of immunostaining and ISH showed that PP epidermis expressed 
significantly increased levels of IL·4R protein and mRNA, respectively, when 
compared to corresponding PN and NN epidermis (Figs 1 and 2, annex 'Color 
Plates', and Table II), which confirms and extends our previous study (14). 
Our finding that even PN epidermis expressed significantly increased levels of 
IL-4R when compared to NN epidermis underlined the relevance of this 
receptor in the pathophysiology of psoriasis. However, no correlation was 
found between the patient's whole body clinical PASI scores and the epider· 
mal IL-4R expression. This does not necessarily undermine the pathological 
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relevance of our findings, as such a score may not be representative for a 
specific lesion used for biopsy. The observation that the IL-4R expression at 
the protein and mRNA level correlated well (Table II), suggests that the 
increased expression of IL-4R by psoriatic epidermis is due to enhanced 
transcription of the IL-4R gene. It should be noted that the IL-4R expression 
is also increased in the dermal compartment of psoriatic skin, which probably 
reflects the activated state of fibroblasts and infiltrating cells. RT-PCR 
analysis of RNA derived from EC, which is a purer keratinocyte population 
than complete skin biopsies, supported this notion. The steady-state IL-4R 
mRNA levels were increased in part of the PP EC samples when compared to 
NN EC samples (Fig 3). As far as we know, this is the first report which 
describes and verifies the amplification of human IL-4R transcripts. 

The increased IL-4R expression by PP EC may be a consequence of the 
local increase of IL-6 levels, as IL-6, at least in myeloid cells, induces 
expression of the IL-4R gene (50). Moreover, the expression of IL-6R is also 
reported to be increased in PP as well as PN epidermis (51), suggesting an 
increased IL-6 responsiveness of psoriatic EC. IFN-y suppresses the IL-6-
induced transcription of the IL-4R gene (50). This mechanism may, however, 
be disturbed in PP EC as these cells display a decreased IFN-yR expression 
(52) and responsiveness (53), despite the presence of IFN-y+ infiltrating T 
cells (12,15). 

The local IL-1 and IL-6 expression is enhanced in PP skin in vivo (6,9-12). 
At least for IL-1 and IL-6 the same is true for PN skin (12,51). Moreover, we 
have recently observed that PP EC express an increased production of IL-1 
and IL-6 ex vivo (chapter 3.2). This ex vivo model was used to test the 
functionality of the IL-4R by analyzing the IL-4-mediated effect on IL-1 and 
IL-6 production by PP EC. IL-4 inhibited the secretion of individual pro­
inflammatory cytokines produced by PP EC. The secretion of IL-6 protein, 
and to a lesser extent IL-1 fl, but not IL-1 a, were downregulated by IL-4 (Fig 
4A). There was some donor variation in IL-4 responsiveness, which did, 
however, not correlate with the level of IL-4R expression as measured by 
binding of biotinylated recombinant human IL-4 by PP EC samples (not 
shown). Immunohistochemistry and ISH (Figs 1 and 2, annex 'Color Plates') 
as well as experiments with EC depleted for CD45 + cells, which showed 
that CD45 + cells did not substantially contribute to the production of IL-1 
(chapter 3.2), favor keratinocytes as the predominant IL-4 responsive cells in 
our model. Kupper and colleagues observed that IL-4 enhanced the IL-6 
production of cultured normal human keratinocytes (34). We could not 
confirm this finding using primary cultures of NN EC, which may be caused 
by a different IL-4 responsiveness of cells ex vivo relative to cells in vitro. 

IL-4 responsiveness of PP EC was also measured at the RNA level. The 
effect of IL-4 on the expression of cytokine mRNAs was both cell-type and 
cytokine specific. IL-4 reduced both IL-1 fl and IL-6 mRNA levels in PBMC, 
which is in agreement with earlier reports (22-24), and NN EC, whereas in 
PP EC IL-4 only reduced IL-1fl mRNA levels (Fig 5). Note that PP EC upregu-
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lated the levels of both IL-6 mRNA (not shown) and protein during short-term 
culture (Fig 4A, wlo IL-4), which is in line with previous reports (54), and 
point to de novo synthesis of IL-6 and not merely passive release of this 
cytokine ex vivo. The discrepancy between the effects of IL-4 on the 
expression of IL-6 mRNA and IL-6 secretion by PP EC may point to an 
inhibiting effect of IL-4 on post-transcriptional processes of IL-6 synthesis. 
IL-4 also inhibited the expression of IL-1 p and IL-6 by LPS-stimulated PBMC 
most notably at the protein level (Fig 4B and 5). Others observed that IL-4 
reduced cytokine mRNA expression by LPS-stimulated monocytes rapidly 
after the start of cell culturing « 5 h of cell culture), but affected post­
transcriptional synthesis (e.g. mRNA stability) rather than transcription (55). 
Dexamethasone, in contrast to IL-4, was not cell-type and cytokine specific 
in its suppressive action on cytokine production (Figs 4B and 5). Dexametha­
sone binds with and activates the intracellular glucocorticoid receptor, which 
subsequently associates with the transcription factor nuclear factor (NF)lL-6 
via a direct protein-protein interaction (56). This suggests a model for 
glucocorticoid receptor-mediated inhibition of transcription of NFIL-6 depen­
dent genes (e.g. IL-1 and IL-6). Dexamethasone was observed to reduce the 
cytokine mRNA levels in IL-1 p-stimulated NN EC (Fig 5), which is in accor­
dance with reported effects of dexamethasone on the human epidermoid 
carcinoma cell line KB (57). 

In analogy with psoriasis, the expressions of both IL-6 and IL-4R are also 
increased in many solid tumors of epithelial origin (36,58). IL-6 may act as 
an autocrine or paracrine growth factor of PP EC or tumor cells (59). It has 
recently been reported that IL-4 exerts suppressive effects on the spontane­
ous growth of myeloma cells through the inhibition of IL-6 production (60). 
We did not observe any effect of IL-4 on the cell number and viability of EC 
ex vivo, as measured by cell counting and trypan blue exclusion, respective­
Iy. In fact, the effects of IL-4 on cell growth and IL-6 production may be the 
result of distinct cellular regUlatory pathways (61). More recently, IL-4 was 
also reported to modulate epithelial cell function, as IL-4 dampened the 
cellular inflammation in human intestine (62). As PP skin, and even to a 
lesser extent PN skin, show both an enhanced epidermal expression of IL-4R 
as well as an enhanced inflammatory response (i.e. increased expression of 
cytokines and leukocyte infiltration) relative to NN skin, the IL-4-mediated 
modulatory effects may prove relevant to the therapy of psoriasis. 

Taken together, we conclude that IL-4 interferes with the production of 
IL-6 protein, and to a lesser extent of IL-1 p protein, by PP EC. We speculate 
that the upregulated expression of the IL-4R in psoriatic epidermis may 
represent a regulatory feedback mechanism to downregulate the local 
epidermal IL-1 and IL-6 overexpression. In line with this thought, we obser­
ved that IL-4 upregulated the expression of IL-1 ra and IL-1 RII mRNAs in PP 
EC (not shown). In addition, the epidermal expression of IL-4R protein (Table 
II) correlated significantly with those of IL-1 ra and IL-1 RII (lL-4R with IL-1 ra: 
rs = 0.69, n = 22, P < 0.0025; and IL-4R with IL-1 RII: rs = 0.58, n = 20, 
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P < 0.01) (see for individual scores of IL-lra and IL-1RII, chapter 3.1). This 
suggests that the increased expression of IL-4R by psoriatic epidermis 
represents a mean to downregulate the IL-l agonists (i.e. IL-lll) and IL-l­
inducible cytokines (i.e. IL-6) and to upregulate the IL-l antagonists (i.e. IL­
l ra and IL-l RII), thereby repressing the epidermal IL-l system effectively. 
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Chapter 4 

DERMAL IL·1 AND IL·1·RELATED CYTOKINES AND THEIR 
RECEPTORS IN PSORIASIS 



Dermal IL-1 and IL-1-related cytokines and their receptors 
in psoriasis 

4.1 Expression of cytokines and their receptors by 
psoriatic fibroblasts. I. Altered IL-6 synthesis. 
Cytokine 8:70-79, 1996. 

4.2 Expression of cytokines and their receptors by 
psoriatic fibroblasts. II. Decreased TNF recep­
tor expression. 
Cytokine 8:80-88, 1996. 
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Chapter 4.1 

EXPRESSION OF CYTOKINES AND THEIR RECEPTORS BY PSORIATIC 
FIBROBLASTS. 

I. Altered IL-6 synthesis.' 

Reno Debets. Joost P.J.J. Hegmans, Mette Deleuran1, Sinka't Hooft, Robbert Benner and Errol 
P. Prens. 

Department of Immunology, Erasmus University Rotterdam, Rotterdam, The Netherlands and 
Department of Dermatology', Marselisborg Hospital, Aarhus, Denmark. 

ABSTRACT 

IL-6 is overproduced in psoriatic lesions. We investigated the contribution 
of dermal fibroblasts to the local IL-6 production. Fibroblasts (passageno. 2 
to 6) derived from lesional psoriatic (PP) and normal human (NN) skin were 
used to analyze the secretion of IL-6, and the related cytokines IL-1, IL-8 and 
TNF-o:, and the expression of their corresponding mRNA by bioassays, ELISA 
and Northern hybridization, respectively. PP fibroblasts cultured under serum­
free conditions produced increased amounts of bioactive IL-6. Differences 
were partly restored in the presence of growth factors or serum. The serum­
induced IL-6 production reached a maximum within 24 h after seeding and 
remained unchanged in PP fibroblasts, whereas comparable amounts of IL-6 
were produced only 6 days later in NN fibroblasts. There was a clear expres­
sion of IL-6 mRNA in both types of fibroblasts under serum-free conditions. 
Unexpectedly, fetal calf serum, inactivated fetal calf serum as well as human 
serum completely inhibited the expression of IL-6 mRNA in all the PP fibro­
blast cultures investigated. NN fibroblasts were clearly less sensitive to this 
inhibiting effect of serum. Furthermore, medium supplemented with serum­
free component or calcium also repressed IL-6 mRNA expression in PP fibro­
blasts in contrast to NN fibroblasts. Cycloheximide fully restored the repres­
sing effect of serum indicating that serum induced a labile repressor protein. 
PP and NN fibroblasts produced negligible amounts of IL-1 and TNF-o:, but 
the production of IL-8, however, was comparable to that of IL-6. Our results 
show a differently regulated IL-6 synthesis in PP fibroblasts in vitro, sugge­
sting an active contribution of dermal fibroblasts to the local IL-6 production 
in psoriasis . 

• Cytokine 8:70-79,1996 
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INTRODUCTION 

Psoriasis is a disease characterized by chronic cutaneous inflammation 
and increased proliferation of keratinocytes. Cutaneous homeostasis is 
clearly perturbed in psoriasis. Alterations observed in psoriatic skin include 
activation of resident and infiltrating cells, expression of inflammatory media­
tors, their receptors and adhesion molecules, and activation of intracellular 
signal transducing pathways (1,2). Several lines of investigation favor a 
contribution of the dermal fibroblast to the pathophysiology of psoriasis. Ex­
periments using athymic nude mice showed that skin biopsies from psoriatic 
lesions, following transplantation onto these mice, retained the major 
histologic features of psoriasis (3). Later on, combined grafting studies 
showed that the classical characteristics of psoriasis only persisted when 
psoriatic epidermis was transplanted together with psoriatic dermis (4). 
Moreover, the rates of proliferation of normal and psoriatic human keratino­
cytes differ in vivo, but not in monoculture (5). It thus appeared that psoria­
tic keratinocytes need to be in contiguity with dermal fibroblasts to maintain 
epidermal hyperplasia in vivo. Several groups observed that the growth of 
human keratinocyte in vitro is supported by the use of fibroblasts or even 
connective tissue-derived small molecular weight material (5,6). Furthermore, 
Saiag and colleagues found that upper dermal fibroblasts from psoriatic pa­
tients cultured in a collagen lattice induced hyperproliferation in normal 
epidermal biopsies (7). Reproducibility of this finding depends on the anato­
mical location of the fibroblast (upper versus deeper dermis), the type of 
fibroblast culture (fibroblasts incorporated in collagen lattice versus monocul­
ture) and epidermal cell culture (biopsy versus monolayer) used in the 
fibroblast - keratinocyte co-culture model (5,8,9). All together, studies 
suggest the involvement of fibroblast-derived cytokines in the pathogenesis 
of psoriasis. For instance, human dermal fibroblasts are able to produce 
interleukin 1 (lL-1), IL-6 and IL-8 (10-12), which are not only actively 
involved in inflammation but are also mitogenic for epidermal cells (13-15). 
Espinoza and colleagues have indeed shown that psoriatic fibroblasts 
produce elevated amounts of IL-1/l (16). 

We previously reported an elevated IL-6 bioactivity in psoriatic suction 
blister fluids but not in the corresponding serum samples (17). Analysis of IL-
6 mRNA of keratinocyte and fibroblast cultures indicated that fibroblasts 
were the most likely cellular source for this local IL-6 production. Reports on 
the altered epidermal IL-6 expression in psoriasis are conflicting. Increased 
epidermal expression of IL-6 protein was detected with immunochemistry 
and of IL-6 mRNA with in situ hybridization using cultures of keratinocytes as 
well as skin biopsies from active psoriatic plaques (14,18). However, neither 
IL-6 protein nor IL-6 bioactivity could be detected in scales from psoriatic 
lesions and, using in situ hybridization, the increase of IL-6 mRNA in lesional 
psoriatic epidermis could not be reproduced by others (19,20). Furthermore, 
the presence of IL-6 mRNA in epidermal keratome biopsies was only obser-
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ved with the sensitive polymerase chain reaction (PCR) technique. Conta· 
minating dermal fibroblasts were assumed to be the source of the increased 
IL-6 expression in lesional psoriatic keratome biopsies (21). 

In the present study we therefore investigated the secretion of IL-6 
protein and expression of its RNA using early passages of fibroblasts derived 
from lesional psoriatic (PP) and normal control (NN) skin. The protein and 
mRNA expression of IL-1, IL-8 and tumor necrosis factor-a (TNF-a) were also 
studied. Experiments were performed with media supplemented with calci­
um, growth factors, cytokines and several types of serum. 

MATERIALS AND METHODS 

Patients and controls 
Skin samples were obtained from ten otherwise healthy patients (Outpa­

tient Department of Dermatology, University Hospital Rotterdam-Dijkzigt) 
with active plaque-type psoriasis after informed consent. Patients remained 
untreated for at least 3 weeks before entering the study. Ten individuals 
without history or signs of skin disease, undergoing abdominal or breast 
plastic surgery (Sint Franciscus Hospital, Rotterdam) served as normal 
healthy controls. All skin samples were collected after approval of the insti­
tutional medical ethical committee (MEC 1 04.050/SPO/1990/30). 

Culturing of fibroblasts 
Split-skin specimens from PP and NN skin, including epidermis and 

superficial dermis, were obtained using a portable dermatome (Davol Inc., 
Cranston, RI)' Epidermis was separated from dermis via trypsinization. 
Primary cultures of fibroblasts were obtained by plating dermal parts in a 25 
cm 2 culture flask (Becton Dickinson, Plymouth, UK). The dermal pieces were 
allowed to attach after which 2 ml of culture medium was added to the 
flask. The culture medium consisted of Dulbecco's modification of Eagle's 
medium (DMEM, Gibco Ltd., Paisley, Scotland) supplemented with 10 % 
fetal calf serum (FCS, Gibco), 100 Ulml penicillin and 100 IIg/ml streptomy­
cin. At confluence, cells were subcultured via trypsinization. After the first 
passage fibroblast cultures were free of epidermal cells. Contamination with 
mycoplasma species was excluded by testing antibiotic-free culture superna­
tants for adenosine phosphorylase activity (Mycotest, Gibco). For experi­
ments, fibroblasts of passageno. 2 to 6 were collected, trypsinization was 
stopped with 100 IIg/ml trypsin inhibitor and cells were extensively rinsed 
with PBS. Viability was determined by trypan blue exclusion. 

Fibroblast-conditioned medium 
Fibroblasts were plated in 12-well plates (Costar, Cambridge, MA) at a 

density of 500 viable cells/cm 2, using 1 ml of one of the following media: 1) 
a low-calcium (0.15 mM), serum-free medium (medium 1: keratinocyte basal 
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medium, KBM/unsupplemented MCDB 153, Clonetics, San Diego, CAl; 2) 
medium 1 supplemented with 5 ~g/ml insulin, 10 ng/ml human recombinant 
epidermal growth factor, 0.5 ~g/ml hydrocortisone, 0.4 % (v/v) bovine 
pituitary extract and 50 U/ml gentamicine sulphate (medium 2: keratinocyte 
growth medium, KGM/supplemented MCDB 153, Clonetics); 3) a high­
calcium (1.05 mM), serum-free medium consisting of Ham's F10 (Gibco) and 
DMEM in a ratio of 1:1 supplemented with antibiotics (medium 3); and 4) 
medium 3 supplemented with 5 % FCS (medium 4). The effects of different 
types of serum on the production of cytokines were investigated using 
another culture system, described below. For kinetic studies, cells and super­
natants were collected on 5 consecutive days starting from day 3 after 
seeding. Each test-condition was tested in triplicates. Supernatants were 
collected by centrifugation, supplemented with 0.1 % BSA in case of serum­
free supernatants and stored at -80°C. Cells present in the same wells were 
collected via trypsinization and counted microscopically (Carl Zeiss, Germa­
ny). 

Bioassays for IL-1, IL-6 and TNF-or 
IL-1 bioactivity was measured using a subline of a cloned murine T cell 

line D10.G4.1, designated D10(N4)M (kindly provided by Dr. S. Hopkins, 
Manchester, UK) (22). IL-6 bioactivity was measured using a murine hybrido­
ma cell line B9 (kindly donated by Prof. Dr. L. Aarden, Amsterdam, The Ne­
therlands) (23). Proliferation of the cytokine dependent cell lines D10 and B9 
was measured via [3Hldeoxythymidine incorporation. TNF-o: bioactivity was 
measured using the murine fibroblast cell line WEHI 164.13 (kindly provided 
by Dr. W. Buurman, Maastricht, The Netherlands) (24). The MTT cytotoxicity 
assay was used to measure the viability of WEHI cells (25). Recombinant 
human IL-1P (UBI, Lake Placid, NY), IL-6 (Prof. Dr. L. Aarden) and TNF-o: 
(UBI) served as positive controls for the D10, B9 and WEHI assay, respec­
tively. Cytokine activities of the samples were corrected for background 
activity of the culture medium and expressed in U/ml or in U/1000 cells, with 
1 U/ml corresponding with half-maximal response. 

IL-8 ELISA 
IL-8 immunoreactivity was measured by enzyme-linked immunosorbent 

assay (ELISA), as described previously (26). Dr. K. Matsushima (Tochigi-ken, 
Japan) kindly provided the monoclonal anti-lL-8 IgG, (WS4) and the rabbit 
polyclonal anti-IL-8 antibody (27). Recombinant human IL-8 (Dainippon, 
Japan) served as a positive control. 

Northern hybridization 
For RNA analysis fibroblasts were grown on 625 cm2 culture plates 

(Gibco) until 60 % confluence was reached. Subsequently, cells were rinsed 
2 times with PBS and cultured for 48 h under test-conditions. The test­
conditions comprised media 1 to 4 and medium 1 supplemented with calcium 
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and different types of serum. The differed sera comprised FCS, FCS treated 
30 min at 56°C (inactivated FCS or FCS-), pooled human AB serum (HS, 
Red Cross Blood Center, Rotterdam, The Netherlands) and serum-free 
component (SF-l, Costar) and were tested at 5 % (v/v). Calcium (hydrated 
calciumchloride) was added to a final concentration of 1.05 mM. Cyclo­
heximide (Sigma) was added to some plates (10 I1g/ml) 3 h before cell 
harvesting. Supernatants were collected and cells were harvested using a 
rubber policeman (Costar). Total cellular RNA was isolated using the guani­
dine thiocyanate extraction procedure (28). RNA samples of 25 I1g were size 
fractionated by electrophoresis through 1 % agarose and 17 % formaldehyde 
gels, transferred to Nytran N nylon membranes (Schleicher and Schuell, 
Dassel, Germany) (29), and hybridized according to Jeffreys et al. with 32p_ 
labeled cDNA probes (30,31). Autoradiography was carried out with Kodak 
films at -70°C for 1 to 10 days. Hybridized probes were removed from the 
nylon membranes according to Sam brook et al. (29). 

Probes 
Probes were derived from cDNA: IL-la, a 0.6 kb EcoRI-Hindlll fragment 

(Biogen, Basel, Switserland); IL-l p, a 1.3 kb Pstl fragment (Genetics Institu­
te, Cambridge, MA); IL-6, a 0.3 kb EcoRI-Hindlll fragment .(32); IL-8, a 1.3 
kb EcoRI fragment (33); TNF-a, a 0.6 kb EcoRI-Clal frament (Celltech, 
Berkshire, UK); and glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a 
0.7 kb EcoRI-Pstl fragment (34), serving as a control for RNA loading. 

Controls 
Several cellular controls were used for the expression of cytokines at the 

protein and mRNA level: a fibroma-derived fibroblast cell line; NN fibroblasts 
stimulated with 50 ng/ml phorbol myristate acetate (PMA, Sigma Chemie, 
Bornem, Belgium), 10 I1g/ml lipopolysaccharide (LPS, Escherichia coli 
026:B6, Difco Laboratories, Detroit, MI), 100 U/ml recombinant human IL-1P 
or 100 U/ml recombinant human TNF-a; and PBMC and the myelomonocytic 
cell line THP-l stimulated with LPS. Stimuli were added 14 h before cell har­
vesting. 

Statistical analysis 
Bioassay and ELISA results were analyzed with the Wilcoxon Rank Sum 

Test using STATA™ (Computing Resource Center, Los Angeles, CAl. 

RESULTS 

PP fibroblasts secrete low, but increased amounts of IL-6 compared to NN 
fibroblasts under serum-free culture conditions 

With a low-calcium (0.15 mM), serum-free medium (medium 1: KBM/un-
supplemented MCDB 153) PP and NN fibroblasts hardly survived « 300 
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viable cells) (Fig 1 B). However, low but clearly detectable IL-6 levels were 
present in the corresponding fibroblast-conditioned media. 
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Figure 1. PP fibroblasts secrete low but increased amounts of IL-6 compared to NN fibroblasts 
under serum·free culture conditions. The IL-6 production (Figs A and C) and cell number (B and 
D) of PP and NN fibroblasts (both n = 6) were monitored on 6 consecutive days starting from 
day 3 after seeding using the 89 assay and cell counts, respectively. Cells were seeded at 
600/cm2 in 12-well plates using medium 1 (A and B) and 3 (C and 0). See materials and 
methods section for a description of the media. Closed bars and circles represent PP fibroblasts 
and open bars and circles NN fibroblasts. Results are given in mean ± SEM. 

PP fibroblasts secreted more bioactive IL-6 on each test day (5 consecutive 
days starting from day 3 after seeding), and on average about three times 
more IL-6 than NN fibroblasts, as illustrated in Figure 1 A. Findings were 
reproduced with a high-calcium (1.05 mM), serum-free medium (medium 3: a 
1:1 ratio of F10:DMEM), although, overall, the IL-6 levels were lower with 
the latter medium (Fig 1 C and D). Fibroma-derived fibroblasts used as a 
control expressed on average 5 U/ml IL-6, being similar to the values of the 
PP fibroblasts. It is important to realize that very low numbers of PP fibro­
blasts are thus able to produce several units IL-6. Differences between PP 
and NN fibroblasts were more pronounced in the supernatants of larger 
numbers of fibroblasts (Table III). 
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The Il-6 production by PP fibroblasts is rapid, high and persisting under 
serum-stimulated conditions 

Using medium 1 supplemented with growth factors, such as insulin, 
epidermal growth factor and a pituitary extract (medium 2), PP and NN 
fibroblasts were rescued from death, but did not show a proliferative respon­
se (Fig 28)_ The Il-6 levels, although higher for PP fibroblasts, increased 
more substantially for NN fibroblasts (Fig 2A versus Fig 1 A) _ This phenome­
non was more marked when serum was used as a stimulus. Medium 4, 
which is medium 3 containing 5 % FCS, was the only culture medium 
supporting the proliferation of fibroblasts (Fig 2D). The number of both PP 
and NN fibroblasts doubled during the test-period of 5 days. 
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Figure 2. PP fibroblasts rapidly secrete high and persisting amounts of IL·S under serum­
sdmuloted conditions. See legend to Figure 1 for details. Medium 2 is medium 1 supplemented 
with growth factors. Medium 4 is medium 3 supplemented with FCS, as described in materials 
and methods section. 

The amounts of bioactive Il-6 present in the supernatants increased about 6 
times using NN fibroblasts but only 2 times using PP fibroblasts during this 
period. The Il-6 production corrected for the corresponding cell numbers 
reached a plateau level at the beginning of the test (about 10 U/1000 cells) 
and persisted in PP fibroblasts throughout the test-period, whereas compara­
ble levels of Il-6 were produced only after one week of culture in NN fibro­
blasts (Table I). The Il-6 production by PP fibroblasts was already maximal at 
24 h after seeding. The de novo production of Il-6 protein by confluent 
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fibroblasts, however, checked by changing the medium after 6 days of 
culture, was not increased in PP fibroblasts when compared to NN fibroblasts 
(Table 11). 

Table I. Il·S production by PP and NN fibroblasts using a serum-containing medium. 

Days in culture Psoriasis Normal control P value 
U/1000 celis U/l000 celis 

3 10.2 ± 1.8' 3.10'0.7 0.007 

4 10.7 ± 4.0 2.1 ± 0.6 0.004 

5 11.7±4.9 2.3 ± 0.4 0.010 

6 10.4 ± 1.6 3.1 ±0.7 0.007 

7 8.9 ± 1.0 7.3 ± 3.3 0.080 

a The IL·B activity present in the supernatants of PP and NN fibroblasts (both n = 6) was monitored on 5 consecutive 
days starting from day 3 after seeding using the 99 assay. IL-B activities were corrected for the corresponding cell 
number and expressed In U/1000 cells. Cells were seeded at 500fcm2 In 12·well plates using medium 4. Results are 
given in mean ± SEM. P values < 0.05 were considered statistically significant. 

Serum represses the expression of IL-6 mRNA in PP fibroblasts 
PP and NN fibroblasts cultured with medium 1 had a clear expression of 

steady-state IL-6 mRNA levels, as shown in Figure 3. FCS added to medium 
1 decreased the IL-6 message to undetectable levels in all the PP fibroblast 
cultures, but only in half of the NN fibroblast cultures investigated. When 
using medium 3, or medium 3 supplemented with FCS the expression of IL-6 
mRNA was not detectable (not shown). To study the mechanism of the 
inhibitory process we analyzed the effect of cycloheximide. Results showed 
that the inhibitory effect of serum components required de novo protein 
synthesis. 

Table II. The difference in IL·S production between PP and NN fibroblasts Is lost durIng culture. 

Type of supernatant Psoriasis Normal control 
U/ml U/ml 

Day 1 30' 7 

Accumulated IL·6 at day 7 38 36 

Newly synthesized IL·6 at day 7 45 57 

a The IL·B production of PP and NN fibroblasts In = 3) seeded at 600 cellsfcm2 and cultured in medium 4 using 12· 
well plates was measured with the 89 assay and expressed in Ulml. Supernatants were collected at day 1 end 7 
after seeding. Medium was changed 24 h before collecting supernatants at day 7 to analyze the amount of newly 
synthesized IL·B. Results of representative cultures are given. 
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Serum and calcium modulate the IL·G mRNA expression differently In PP and 
NN fibroblasts 

PP and NN fibroblasts responded differently to test·sera such as FCS, 
inactivated FCS, human serum and a serum-free component, as shown in 
Figure 4. In PP fibroblasts all types of serum repressed the IL·G mRNA 
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Figure 3. Serum represses the expression of IL-6 mRNA in pp fibroblasts. The expression of 
steady-state IL-6 mRNA levels in PP and NN fibroblasts (both n == 6) were analyzed by Northern 
hybridization after two days of culture in medium 1, or medium 1 supplemented with 5 % FCS. 
Autoradiography, to detect the message for IL-G (1.3 kb band) and GAPDH (1.2 kb band), was 
carried out at -70 °C for 3 and 1 days, respectively. Cycloheximide (CHX: 10 j.tg/ml) was added 
3 h before harvesting. PBMC and THP-1 cells were used as controls. See text for details. 

expression completely. Unexpectedly, the IL·6 message was also repressed 
when using the serum-free component as a supplement. However, in NN 
fibroblasts the repression of IL·6 mRNA expression was only complete in part 
of the cultures tested with FCS (Fig 3) and inactivated FCS, but always 
complete with human serum. Moreover, the serum-free component even en· 
hanced the IL-6 message in NN fibroblasts. Calcium, used as supplement, 
repressed the expression of IL-6 mRNA in PP fibroblasts, whereas the IL·6 
message was not affected in NN fibroblasts. 

Expression of IL·B protein and mRNA levels are similar to IL·G 
Apart from IL·6, fibroblasts also secrete IL-S, but only negligible amounts 

of IL-1 and TNF-o; using conditions with or without serum. The production of 
IL·6 and IL·S using different culture conditions are presented in Table III, and 
correspond to the same cultures of which RNA data is presented in Figure 3. 
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Figure 4. Serum·dependent repression of fL-6 mRNA expression in PP fibroblasts Is not restric­
ted to FeS. Steady-state fL-6 mRNA levels in PP and NN fibroblasts In = 3) were analyzed by 
Northern hybridization after two days of culture in medium 1 supplemented with calcium Of 

different types of serum. The final calcium (Ca2+) concentration was 1.06 mM. FeS, inactivated 
FCS (FCS-" human serum (HS) and serum-free component (SF-1) were all added to a final con­
centration of 6 % lv/v). See legend to Figure 3 for details. Results of representative cultures are 
given. PBMC were used as a control. 

PP fibroblasts produced clearly increased amounts of Il-6 and Il-8 when cul­
tured with both the low and high-calcium serum-free medium. The serum­
induced Il-6 production was also elevated in PP fibroblasts after 2 days of 
culture. This is in line with Figures 1 and 2, and Table I. Differences in the Il-
8 production, however, were completely restored by serum. In fact, the 
kinetics of the serum-induced Il-8 production by PP and NN fibroblasts were 

Table III. IL·6 and Il-S production by PP and NN fibroblasts under different culture conditlons,a 

Medium Serum Psoriasis Normal control 

3 

3 

IL-6 IL-8 IL·6 IL·8 
U/ml pg/ml U/ml pg/ml 

2,961 1,600 289 30 

+ 1,932 940 74 690 

222 310 21 13 

+b 2.171 1,140 194 1.650 

The amount of fL-S and IL·S present In 48 h supernatants of PP and NN fibroblasts (n ::: 3) were measured 
with the 89 assay and IL-S ELISA, respectively. Media used were medium 1 and 3, and these media supple­
mented with 6 % FCS, Cens were grown on 625 cm2 culture plates to semi-conffuence before test·media 
werjfadded. Results are given of a representative PP and NN fibroblast culture. 
Medium 3 supplemented with serum Is medium 4. 
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Figure 5. Fibroblasts express IL·6 and IL-S mRNA, but not IL·1a, IL-1P and TNF'a mRNA. Stea­
dy-state levels of IL-la, IL-lfl, Il-6, IL-B and TNF-a mRNA in NN fibroblasts were analyzed by 
Northern hybridization after two days of culture in different media with and without stimuli. 
Autoradiography, to detect the message for IL·1« (2.1 kb band), IL·1~ (1.6 kb band), IL·6 (1.3 
kb band), IL·8 (1.8 kb band), TNF·« (1.7 kb bandl and GAPDH (1.2 kb band). was carried out for 
10, 2, 3, 4, 4 and 1 days, respectively. Results of a representative culture are given. Experiment 
was performed in duplo. PBMC and THP-l cells were used as controls. 

similar (not shown). Fibroblasts did not express IL-la, IL·1p or TNF-a mRNA. 
The expression of IL-8 mRNA, however, was similar to that of IL·6 mRNA 
using the different culture conditions. The use of stimuli like PMA, LPS, 
recombinant human IL-1 p and TNF·a enhanced the expression of IL-6 and IL-
8 mRNA, but that of IL-1 a, IL-1 p and TNF·" mRNA only to a negligible 
extent (Fig 5). The expression of IL·6 and IL-8 mRNA was most profoundly 
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enhanced by IL-1 p. The corresponding amounts of cytokines present in the 
conditioned media of the same fibroblast culture are given in Table IV. It is 
important to note that although the fibroblast IL-8 synthesis is similar to that 
of IL-6, the differences between PP and NN fibroblasts were most marked for 
IL-6. In summary, an inventory of our findings on the altered IL-6 synthesis in 
PP fibroblasts is given in Table V. 

Table IV. Cytokine production profile of fibroblasts. 

Medium Stimulus Cytokines8 

IL-I IL-6 IL-8 TNF-a 
Ulml U/ml pg/ml U/ml 

I 0 210 20 0 
I serum 0 169 45 0 
3 0 15 2 0 
3 serumb 0 258 40 0 
4 PMA 0 294 53 0 
4 LPS 0 13,796 7,900 0 
4 IL-I P 0 38,603 1,050 0 
4 TNF-a 0 4,523 600 0 

a The amounts of bloactiva IL·t, IL-6 and TNF-a and immunoreactive fl-B present in 48 h supernatants of NN fibro­
blasts were measured with the 010, B9, WEHI bIoassay and Il-S ELISA, respectively. Il-l, Il-6 and TNF-a are ex­
pressed in U/m!, and Il·S in pg/m1. Media used were medium 1 and 3, thesa two media supplemented with 5 % FeS, 
and medium 4 with stimuli. PMA (50 ng/ml), LPS (10 flg/m1), IL·1p (100 U/m!) or TNF-a (100 U/m1) were added 8S 
stimuli to the cens 14 h before collecting supernatants, Results are given of a representative culture. The experiment 
was performed In duplo. Supernatant of lPS-stimulated PBMC contained 56,000 V/ml IL-1; 2B,000 Ulmlll·6; BOO 
pgfmlil-B; and 15 U/ml TNF-a. 

b Medium 3 supplemented with serum Is medium 4. 

DISCUSSION 

The serum-free production of IL-6 and IL-8 by PP fibroblasts was increa­
sed when compared to NN fibroblasts (Fig 1 and Table III). The growth 
factors present in medium 2 enhanced the production of IL-6 (Fig 2) and IL-8 
(not shown) most markedly in NN fibroblasts, resulting in a reduced differen­
ce in cytokine production between the two types of fibroblasts. Kinetics 
showed that PP fibroblasts rapidly produced high and persisting levels of IL-6 
under serum-stimulating conditions. The production of IL-6, not of IL-8, was 
significantly enhanced in PP fibroblasts when compared to NN fibroblasts 
(Table I). Using confluent PP fibroblasts (6 days after seeding), however, we 
observed that the serum-induced IL-6 (Table II) was similar or even less than 
their normal counterparts. This may explain why the differences in IL-6 
production were lost after a culture-period of one week. It remains possible 
that PP fibroblasts display an altered post-translational modification of IL-6 
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Table V. IL-6 synthesis is altered in PP fibroblasts. 

stimulus Psoriasis Normal control 

IL-6 protein none +' 

FCS ++ + 

IL-6 mRNA none ++ ++ 

FCS ± 

inactivated FCS ± 

human serum 

serum-free component ± ++ 

calcium ± ++ 

CHX ++ ++ 

/I Summary of the 89 assay and Northern hybridization results, with the expressions of Il-6 protein and mRNA given In 
symbols: -. absent or low In all experiments; ±, present In part of the experimants; + I + +, present/claarly presant In 
all experiments, CHX: cycloheximIde. 

resulting, for example, in a decreased aggregation of IL-6 monomers which 
express more activity in the 89 assay (35), or in a prolonged half-life of the 
protein_ However, our finding that differences in IL-6 levels are already 
present in supernatants collected rapidly (24 h) after seeding do not favor an 
altered half-life of PP fibroblast-derived IL-6 protein. 

The IL-6 production of normal human dermal fibroblasts is highly serum­
dependent, as already reported for normal human monocytes and keratinocy­
tes (23,36). Normal human cells typically do not express IL-6 in the absence 
of a stimulatory signal (37). Fibroblasts derived from PP skin, however, are 
less dependent on external stimuli for their IL-6 production. The enhanced 
production of IL-6 is not unique for PP fibroblasts. Constitutive production of 
IL-6, without exogenous stimuli, has already been described for dermal 
fibroblasts derived from affected skin sites from patients with systemic 
sclerosis (38), synovial fibroblasts from patients with rheumatic arthritis (39), 
mesothelioma cell lines (40), and peripheral blood monocytes from psoriatic 
patients (18). This suggests that overproduction of IL-6 could represent a 
general feature of affected mesenchymal cells thereby contributing to the 
maintenance of inflammation. 

IL-6 production is regulated at the level of transcription and mRNA stabili­
ty (41,42). Transcription of the human IL-6 gene is normally enhanced by 
serum as evidenced by the location of the c-ros serum-responsive element 
homology (c-ros SRE) within the IL-6 promoter (43). PP and NN fibroblasts 
had a clear, but similar expression of steady-state IL-6 mRNA levels using 
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medium 1 (0.15 mM calcium). This protein-deficient medium may be unable 
to support the production of a repressor protein of IL-6 mRNA transcription. 
Unexpectedly, this protein is present in serum-containing media, as explained 
later on. One also cannot exclude the possibility that medium 1 has a 
stabilizing effect on IL-6 mRNA. The corresponding IL-6 protein levels, 
especially of PP fibroblasts (Table III), do not favor, however, inhibition of IL-
6 translation. With medium 3 (1.05 mM calcium) the message for IL-6 is not 
detectable. Normal human keratinocytes, grown in a serum-free medium 
containing 0.15 mM calcium, did not express detectable IL-6 mRNA levels 
using Northern hybridization. Low levels of IL-6 mRNA could be induced in 
these cells by treatment with 1.8 mM calcium (21). This suggests cell-type 
specific differences in the induction of IL-6 gene expression. Serum reduced 
the IL-6 message completely in all the PP fibroblast cultures, but only in part 
of the NN fibroblast cultures investigated. The expression of IL-6 mRNA is, 
however, reported to be induced in human foreskin, synovial and bone 
marrow stromal fibroblasts within several hours in response to serum when 
fibroblasts were made quiescent by serum deprivation and RNA levels were 
analyzed using blot hybridization with poly(A +) RNA or PCR amplified 
products (44-46). Apart from technical differences, our findings using human 
dermal fibroblasts may be attributed to tissue-specific serum-responsiveness 
of fibroblasts. The repressing effect of serum on the IL-6 mRNA expression 
in PP fibroblasts could be completely abolished by cycloheximide treatment. 
This suggests that, at least with medium 1, serum induces a labile protein 
which represses the levels of IL-6 mRNA. 

Experiments were performed to determine whether the inhibiting effect 
was specific for FCS. In PP fibroblasts the IL-6 mRNA expression was 
repressed by all test-sera. Complement factors, known to enhance the IL-6 
production of stimulated human monocytes (47). did not affect the IL-6 
mRNA expression in our experiments, as shown by the use of inactivated 
serum. Furthermore, the use of human serum showed that a species-specific 
serum component did not seem to be involved. However, the repression of 
the IL-6 message in NN fibroblasts was more susceptible to human serum 
than FCS. Whether the presence of cytokines, their soluble receptors or anti­
cytokine autoantibodies in serum contributes to differences in responsiveness 
between PP and NN fibroblasts remains to be resolved (48,49). The use of a 
serum-free supplement or calcium repressed the expression of IL-6 mRNA in 
PP fibroblasts, whereas the levels of IL-6 mRNA were unaffected or even 
enhanced in NN fibroblasts. Components of serum-free supplement (e.g. 
albumin, ethanolamines, insulin, transferrin and free fatty acids) and calcium 
are reported to be inducers of IL-6 production (21,50,51). Thus, on the one 
hand our findings confirm that serum factors and calcium induce production 
of IL-6 in normal human dermal fibroblasts and on the other hand indicate 
that the IL-6 production in PP fibroblasts is regulated differently by serum 
factors and calcium. Factors present in FCS and human serum as well as 
several growth factors were reported to induce proliferation in PP fibroblasts 
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to a higher extent when compared to NN fibroblasts (52,53). However, we 
and others did not observe differences in cell growth between both types of 
fibroblasts (5). Our study suggests that IL-6, being anti-mitotic for fibro­
blasts, is not primarily involved in the regulation of PP fibroblast growth in 
vitro, as is the case for platelet-derived growth factor (PDGF) (16). The 
altered IL-6 synthesis of mUlti-passaged PP fibroblasts confirms early studies 
which demonstrated several inherent abnormalities such as increased 
production of extracellular matrix components, intracellular signaling and 
resistance to therapeutics resulting in an hyperactive state of these cells in 
vitro (54-56). 

Human fibroblasts are, apart from IL-6, potent producers of IL-8, but do 
not produce IL-10:, IL-11l or TNF-o: even when using potent stimuli like PMA, 
LPS and the cytokines IL-11l and TNF-o:. These cells express negligible 
amounts of the corresponding mRNA (Table IV and Fig 5). Fibroblasts 
derived from different tissues display some discrepancies with regard to the 
expression of IL-1 (57). Espinoza and colleagues showed that anti-IL-11l 
polyclonal antibody partly neutralized the fibroblast mitogenic activity of 
supernatants of PP fibroblasts. Their results indicate that the latter assay 
probably is more sensitive when compared to the D10 assay (16). The 
production of IL-8 was similar to that of IL-6. However, differences in the 
serum-induced production of IL-6 protein between PP and NN fibroblasts 
were specific for this cytokine (Table III). Taken together, our findings show 
that PP fibroblasts display an altered synthesis of IL-6 in vitro, which is 
regulated differently by serum factors and calcium. These alterations are 
summarized in Table V. The in vivo relevance of IL-6 to skin physiology and 
pathology has previously been extensively reviewed (58,59). During cutane­
ous inflammation IL-6 maintains the inflammatory response by attracting 
leukocytes and activating inflammatory and resident cells via the induction of 
cytokines and adhesion molecules. Moreover, fibroblast-derived IL-6 may 
even enhance antigen presentation as IL-6 can induce the expression of the 
HLA-B7 gene in human fibroblasts (60). Cutaneous IL-6 production is dras­
tically increased during injury, infections, neoplasia and autoimmune disea­
ses. We provide evidence that dermal fibroblasts are an important source of 
the elevated IL-6 levels in psoriatic lesions. The contribution of IL-6 to the 
pathogenesis of psoriasis is still obscure. However, the findings that vitamin 
D3 analogs are an efficient anti-psoriatic therapy and that these sUbstances 
decrease fibroblast-derived IL-6 and IL-8 levels in vitro imply a role of dermal 
IL-6 and IL-8 in psoriasis (61,62). In our opinion dermal fibroblasts are 
actively involved in maintaining the inflammatory response in psoriatic 
lesions. 
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ABSTRACT 

Psoriatic fibroblasts produce enhanced amounts of IL-6 in vitro. This state 
of activation may reflect an altered expression of cytokine receptors, invol­
ved in auto/paracrine induction of IL-6. Cultures of dermal fibroblasts derived 
from lesional psoriatic (PP) and normal control (NN) skin were therefore 
analyzed for their ability to bind biotinylated recombinant human cytokines 
using flow cytometry. PP and NN fibroblasts bound negligible amounts of IL-
1 a and IL-11l, but clearly bound IL-4, IL-6 and TNF-a. Serum upregulated the 
number of NN fibroblasts which bound TNF-a, and to a lesser extent IL-6, 
but not the number of binding sites per cell. In contrast, this upregulation 
was significantly less in PP fibroblasts. This was not a result of differences in 
growth characteristics, receptor occupancy or an inability of stimulated PP 
fibroblasts to bind TNF·a. Immunocytochemistry of cells grown on slides 
showed that the TNF receptor type I (TNFRI) was the predominant receptor 
in NN fibroblasts and was localized to the nucleus and cytoplasm. The 
expression of TNFRI was clearly decreased in PP fibroblasts, which confir­
med the binding studies. A slow and serum-induced shedding of TNFRI was 
observed, but not of the TNFRII, in both types of fibroblasts. Confluent multi­
passaged PP fibroblasts display both a decreased TNFR expression as well as 
an enhanced IL-6 production under serum conditions. These inherent abnor· 
malities of PP fibroblasts imply the involvement of dermal fibroblasts in the 
maintenance of chronic inflammation in psoriasis. 

INTRODUCTION 

Human dermal fibroblasts are actively involved in inflammatory processes. 
These resident cells are not only responsible for the production and mainte· 

• Cytokine 8:80·88, 1996 
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nance of the connective tissue matrix, but are also able to activate the 
overlying epidermal cells and contiguous endothelial cells, as well as to 
attract and activate infiltrating leukocytes. Their ability to take part in cellular 
communication is, at least in part, determined by the expression of adhesion 
molecules, cytokines and cytokine receptors. Human dermal fibroblasts are 
able to express the major histocompatibility complex (MHC) class I and II 
molecules (1,2), III integrins and the intercellular adhesion molecule-l 
(lCAM-l) (3,4), It has furthermore been reported that fibroblasts produce 
interleukin 1 (lL-l) isoforms, IL-6, IL-8, monocyte chemotactic protein-l 
(MCP-l), leukemia inhibitory factor (LlF), platelet-derived growth factors 
(PDGFs) and the colony stimulating factors (CSFs) (5-11). Human dermal 
fibroblasts also express receptors (R) for IL-l, tumor necrosis factor (TNF), 
the interferons (IFNs), PDGF and the transforming growth factors (TGFs) (12-
16). It is important to note that cytokine receptors often reflect the activati­
on state of cells and are involved in the regulation of cytokine activity. Most 
receptors occur, apart from membrane forms, in soluble forms (17). Soluble 
receptors either antagonize cytokine activity by scavenging, neutralization 
and prevention of extravascular escape of cytokines, or agonize cytokine 
activity by increase of persistence and chaperoning of cytokines (18). The 
activity of cytokines is therefore, at least in part, the result of both the 
expression of cytokines as well as their receptors. 

Active partiCipation of dermal fibroblasts in the inflammatory mechanisms 
of psoriasis is evidenced by their hyperactive state in vitro. Psoriatic fibro­
blasts produce elevated amounts of superoxide anion, PDGF-BB and IL-l Il, 
express elevated levels of surface proteases (e.g. exoaminopeptidases and 
cluster of differentiation (CD)26), protein kinase C activity and PDGFRIl, and 
show an altered proliferative response to serum factors, growth factors and 
several therapeutics (19-25). Fibroblasts are furthermore a potential source 
for the locally produced bioactive IL-6 in psoriasis (26,27). We observed that 
psoriatic fibroblasts express an increased production of IL-6 in vitro (chapter 
4.1). IL-6 may link cutaneous inflammation and keratinocyte hyperprolifera­
tion in psoriasis. Moreover, in a mouse model, a psoriasiform inflammatory 
reaction was preceded by an increase in the endogenous IL-6 production in 
the skin (28). The present study was conducted to investigate whether the 
enhanced fibroblast-derived IL-6 activity in psoriasis was associated with an 
altered receptor expression. We therefore analyzed the expression of binding 
sites for IL-l a, IL-l Il, IL-4, IL-6 and TNF-a, and the production of biologically 
active IL-6, as well as the IL-6-related cytokines IL-l and TNF-a, of early 
passages of fibroblast cultures derived from lesional psoriatic (PP) and normal 
control (NN) skin. Experiments were performed using a low and high-calcium 
basal medium and stimuli such as cytokines and serum. 
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MATERIALS AND METHODS 

Patients and controls 
Ten patients with active plaque-type psoriasis and ten healthy volunteers, 

undergoing plastic surgery, were studied as described (chapter 4.1). 

Culturing of fibroblasts 
Split-skin specimens from PP and NN skin were used to establish fibro­

blast cultures (chapter 4.1). For experiments, fibroblasts of passageno. 2 to 
6 were used. Ceils were seeded in 175 cm2 flasks and grown to subconflu­
ence using Dulbecco's modification of Eagle's medium (DMEM, Gibco Ltd., 
Paisley, Scotland) supplemented with 10 % fetal calf serum (FCS, Gibco), 
100 U/ml peniciilin and 100 /.Ig/ml streptomycin. Cells were subsequently 
rinsed twice with PBS and incubated for 24 or 72 h with one of the follo­
wing test-media: 1) a low-calcium (0.15 mM), serum-free medium (keratino­
cyte basal medium, KBM/unsupplemented MCDB 153, Clonetics, San Diego, 
CAl; 2) a high-calcium (1.05 mM), serum-free medium consisting of Ham's 
FlO (Gibco) and DMEM in a ratio of 1:1 supplemented with antibiotics; 3) 
the high-calcium medium supplemented with 5 % FCS. The stimuli used 
were 50 ng/ml phorbol myristate acetate (PMA, Sigma Chemie, Bornem, 
Belgium), 10 /.Ig/ml lipopolysaccharide (LPS, Escherichia coli 026:B6, Difco 
Laboratories, Detroit, MI), 100 U/ml recombinant human IL-1P (UBI, Lake 
Placid, NY), 100 U/ml TNF-a (UBI) and 100 U/ml IFN-y (Boehringer Ingelheim, 
Germany), added the last 14 h of the 24 h incubation with the serum­
containing medium. Supernatants were collected by centrifugation and 
stored at -80°C. 

Quantitation of cytokine binding sites 
Fibroblasts were collected (0.025 % trypsin and 0.1 % EDTA), trypsiniza­

tion was stopped with 100 /.Ig/ml trypsin inhibitor (Sigma), and cells were 
extensively washed with PBS. Viability was determined by trypan blue 
exclusion and always exceeded 95 %. The mild trypsinization procedure did 
not affect the binding of cytokines, as checked by the use of cells collected 
with EDTA only. The labeling was performed according to the protocol 
supplied by the manufacturer. In short, 5 x 104 cells were incubated for 1 h 
at 4 °C with approximately 180 ng biotinylated recombinant human IL-l a, IL­
l p, IL-4, IL-6 or TNF-a (all purchased from R&D Systems, Minneapolis, MN) 
using 12 x 75 mm round bottom, polystyrene tubes (Becton Dickinson). 
Unbound cytokines were removed by two rinses with PBS containing 0.1 % 
BSA (washing buffer). Next, cells were incubated for 30 min at 4 °C in the 
dark with avidin-FITC (R&D Systems), used in combination with IL-l labeling, 
or streptavidin-phycoerythrin (Becton Dickinson) used in combination with 
the other cytokines. Subsequently, cells were rinsed twice, resuspended in 
washing buffer and used for flow cytometry. Peripheral blood mononuclear 
cells (PBMC), the U937 promonocytic cell line and human epidermal cells 
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were used as positive controls for the expression of cytokine binding sites 
(not shown). Analysis was conducted using the FACScanC and LysisC 

software programs (Becton Dickinson). The frequency of cells positive for 
the binding of cytokines was determined using single-parameter fluorescence 
histograms and corrected for aspecific staining of the second step (back­
ground). The results are presented either as histograms or as mean ± SEM 
percentage of positive cells. The relative number of binding sites per cell was 
estimated by the relative signal-to-noise values (29). 

To correct for the number of receptors already occupied with cytokines in 
vitro, the receptor-bound cytokines were stripped in some experiments 
before labeling. Briefly, cells were suspended in the first stripping buffer (10 
mM Na3CsH60i2H20 and 0.14 M NaCI, pH 4.0) and kept for 20 sec on ice 
(30). The stripping was stopped by adding medium containing HEPES and 
BSA. Cells were rinsed twice with washing buffer before Incubating the cells 
with the second stripping buffer (0.1 M glycine-HCI, pH 3.0) for 2 min on ice 
(12). The stripping was stopped and cells were washed twice before labe­
ling. The efficiency of the procedure was checked by stripping cells after 
incubation with biotinylated cytokines. This reduced the signal intensity to 
background levels. 

Cell cycle analysis 
To analyze the cell cycle, cells were labeled with propidium iodide. Briefly, 

5 x 104 fibroblasts were fixed with ice-cold 70 % ethanol for 15 min on ice. 
Subsequently, cells were collected by centrifugation (1000 g, 5 min) and 
treated with 1 U/ml DNAse-free RNAse A (Boehringer Mannheim, Germany) 
for 30 min at 37°C. Finally, cells were centrifuged and resuspended in 100 
III of 50 IIglml propidium iodide (Becton Dickinson), after which flow cytome­
try was performed. As a negative control, cells were treated with 100 U/ml 
DNAse (Sigma Chemical Co., St. Louis, MO) instead of RNAse. 

ELISA for soluble TNFR 
Soluble TNFR type I (sTNFRI) and TNFRII were measured with sandwich 

enzyme-linked immunosorbent assays (ELISA) using the monoclonal antibo­
dies MR1-l, MR2-2 and rabbit anti-sTNFR antiserum (31). 

Bloassays for IL-l, IL-6 and TNF-a 
IL-l, IL-6 and TNF-o: activities were measured using the B9, 010 and 

WEHI assay, respectively, as described elsewhere (32-34). 

Immunocytochemistry 
PP and NN fibroblasts were grown on slides, fixed with a 1: 1 methanol:a­

ceton solution for 15 min at room temperature and stained with the mouse 
anti-human TNFR monoclonal IgG1 antibodies htr-9 and utr-l (Dr. M. Brock­
haus, Hoffmann-La Roche, Basel, Switzerland). at 10 "g/ml, using the 
supersensitive alkaline phosphatase kit (Biogenex, San Ramon, CAl to study 
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the expression of TNFRI and TNFRII, respectively (35). Cells were counter­
stained with haematoxylin. The negative controls comprised staining with 
purified mouse IgG, (Becton Dickinson) at 10 ~g/ml and omitting the first 
and second step. Staining with 5B5 (Dako, Glostrup, Denmark), a purified 
mouse monoclonal IgG, antibody directed against human prolyl 4-hydroxy­
lase, which is specificly expressed by fibroblasts, at 2 ~g/ml, served as a 
positive control. Stainings were evaluated using a standard Zeiss 16 micro­
scope (Carl Zeiss, Oberkochen, Germany). 

Statistical analysis 
Flow cytometry, ELISA and bioassay results were analyzed with the 

Wilcoxon Rank Sum Test using STA TA ™ (Computing Resource Center, Los 
Angeles, CAl. Significant differences are indicated by P values smaller than 
0.05. 

RESULTS 

PP and NN fibroblasts clearly bind IL-4, IL-6 and TNF-a, but not IL-1a or IL-
1,3 

Cultures of NN fibroblasts hardly bound biotinylated recombinant human 
IL-1 ct or IL-1 fl, even after stimulation with PMA, LPS, or the recombinant 
human cytokines IL-1 fl, TNF-ct, or IFN-y, as shown in Figure 1. Fibroblasts 
positive for binding with IL-4, IL-6 and TNF-ct were clearly detectable and the 
binding of the former two cytokines was upregulated in stimulated fibro­
blasts. For instance IL-1 fl-treated fibroblasts showed a substantially increa­
sed binding of IL-6, and IFN-y-treated fibroblasts displayed increased binding 
of IL-4. PP fibroblasts also clearly bound IL-4, IL-6 and TNF-ct (Fig 2), but 
negligible amounts of IL-1ct and IL-1fl (not shown). The binding of IL-4, IL-6 
and TNF-ct by both types of fibroblasts could be modulated by the use of 
different culture conditions, as shown in Figure 2. The binding of these 
cytokines was lower, although with a varying degree, using a high-calcium 
(1.05 mM), serum-free medium (a 1:1 ratio of F10:DMEM) when compared 
to a low-calcium (0.15 mM), serum-free medium (KBM/unsupplemented 
MCDB 153) (second versus first bars, Figure 2). An increased binding was 
observed using FCS-supplemented (5 % v/v) medium (third versus second 
bars, Fig 2). The observation that PP fibroblasts were able to bind more IL-4 
than NN fibroblasts after a 24 h period under serum-conditions was not 
statistically significant. 

PP fibroblasts express a decreased binding of TNF-a under serum conditions 
We observed that the binding of IL-6 and TNF-ct by NN fibroblasts, but not 

the other cytokines, increased when cells were cultured for up to 72 h in the 
presence of FCS. Serum upregulated the mean percentage of NN fibroblasts 
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Figure 1. The binding of cytokines by fibroblasts. Subconfluent NN fibroblast cultures were 
incubated with a high-calcium medium containing 6 % FCS for 24 h and analyzed for their ability 
to bind the cytokines mentioned on the X-axis using flow cytometry, as described in the mate­
rials and methods section. The stimuli used were 50 ng/ml PMA, 10 !-tg/mt lPS, 100 U/ml IL-1 p, 
100 U/ml TNF-a and 100 U/ml IFN-y, added the last 14 h of the 24 h incubation. Results are ex­
pressl3d as the percentage of positive cells after labeling with biotinylated recombinant human 
cytokines of a representative experiment. The experiment was performed in duplo. 

able to bind TNF-a (Fig 3A), but not the number of TNF-a binding sites per 
cell, as indicated by the relative fluorescence intensities of the same cell 
samples (Fig 3B). Culturing PP fibroblasts, however, for up to 72 h under se­
rum conditions resulted in a significantly lower number of fibroblasts that 
bound TNF-a when compared to NN fibroblasts (P < 0.03, Fig 3A, and Figs 
5A and B). To a lesser extent the same was true for IL-6 (not shown), The 
increased binding of TNF-a by NN fibroblasts under serum conditions correla­
ted with a decrease in the percentage of cycling cells. The decreased binding 
of TNF-a by PP fibroblasts, as mentioned above, is, however, not a result of 
differences in growth characteristics between PP and NN fibroblasts, as 
checked by cell counts (data not shown) and the percentage of cycling cells 
(G2 /M phase) (Fig 4). Furthermore, TNF-a binding sites of PP fibroblasts were 
not occupied with endogenously produced TNF molecules in vitro, as 
evidenced by the observation that fibroblasts did not produce TNF-a and by 
acid stripping of fibroblasts prior to flow cytometry (Fig 5C). Stimulated PP 
fibroblasts were also still able to upregulate binding of TNF-a (Fig 5D). 
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Figure 2. Calcium and serum modulate the binding of cytokines by PP and NN fibroblasts. PP 
and NN fibroblasts (both n :=: 10) were incubated with a low or high-calcium (Ca2+). serum-free 
medium, or a high-calcium medium containing 6 % FCS for 24 h, and analyzed far their ability to 
bind cytakines. Results are expressed as the mean ± SEM % positive cells. 

Shedding of TNFRI does not explain the decreased expression of this recep­
tor in PP fibroblasts 

Immunocytochemical staining of cells grown on slides showed that NN 
fibroblasts cultured under serum conditions clearly express the TNFRI (the 
55-kDa receptor form), but only low levels of the TNFRII (the 75-kDa form) 
(Fig 6) _ The TNFRI was predominantly localized in the nucleus and to a lesser 
extent to the cytoplasm. In contrast, PP fibroblasts expressed very low 
levels of immunoreactive TNFRI. 

Fibroblast-conditioned media contained the sTNFRI as well as the sTNFRII, 
as measured with specific sandwich ELISA (Table I). The shedding of TNFRI 
was enhanced by serum and was maximal at 72 h. The presence of sTNFRIl 
was, however, almost negligible, which confirmed the immunocytochemical 
stainings. The amounts of sTNFR present in the supernatants of PP and NN 
fibroblast cultures were similar and do not explain the differences found for 
membrane-bound TNFR between PP and NN fibroblasts. 
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Figure 3. PP fibroblasts express decreased binding of TNF-", under serum conditions. PP and 
NN fibroblasts (both n == 10) were analyzed using flow cytometry for the percentage of cells 
which bind TNF-o; (Fig A) and the relative number of TNF-o; binding sites per cell (B), after cultu­
re in a high-calcium (Ca2+). serum-free medium for 24 h, or a high-calcium medium containing 5 
% FCS for 24 or 72 h. Percentages of positive cells and the signal to noise ratios are presented 
as mean ± SEM. The P value indicates a significant difference between PP and NN fibroblasts. 

PP fibroblasts co-express decreased TNFR levels and an enhanced Il-6 
production 

The supernatants of the fibroblast cultures contained substantial amounts 
of biologically active Il-6 (Table II). Both types of fibroblasts did not produce 
biologically active Il-1 or TNF-o:. The serum-induced increase in Il-6 produc­
tion correlated with the increase in binding of TNF-o: in NN fibroblasts. PP 
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pp 
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Figure 4. Growth characteristics of PP and NN fibroblasts. Cell cycle analysis was performed 
on PP and NN fibroblasts (both n == 8) cultured in a low or high-calcium (Ca 2+), serum-free 
medium for 24 h, or a high-calcium medium containing 5 % FCS for 24 or 72 h. Cells were 
fixed, the DNA was labeled with propidium iodide and analyzed using flow cytometry, as 
described in the materials and methods section. Results are expressed as the mean ± SEM % 
cycling cells (G2/M-phase). 

A 2 NN fibroblasts B PP fibroblasts 

~ 

1. background staining 2. 72hhTgh Ca>· medumwilh serum 1. backg<oundslainng 2. 7211 high Cal"· medumllith se(1Jfl1 

c PP fibroblasts 0 PP fibroblasts 

1. 240 high Ca', medumwith SffiJIT) 2. slfiw1ng 1. 24hhighCa"mediumwithserum 2. PMAstirrutu$ 

Figure 6. PP fibroblasts do not express occupied TNF-« binding sites and upregulate the 
binding of TNF-« after stimulation. Fluorescence intensities using biotinylated TNF-« are given of 
NN (Fig A) and PP fibroblasts (B, C and D) (both n == 3) cultured in a high-calcium medium 
containing 6 % FCS for 24 or 72 h, Figures A and B illustrate the decreased binding of TNF-« by 
PP fibroblasts. Figure C shows the effect of acid stripping, and Figure D the effect of a 50 ng/ml 
PMA stimulus for 14 h on PP fibroblasts. See materials and methods section for details. Shown 
are a representative NN and PP fibroblast culture. 
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Table I. Shoddlng of TN FA by PP and NN fibroblasts. 

Culture condition Psoriasis 

24 h high Ca2 + medium 

24 h high Ca2+ medium with serum 

72 h high Ca2+ medium with serum 

TNFAI 
pg/ml 

8' 

29 

120 

TN FAil 
pg/ml 

<5 

8 

10 

Normal control 

TNFAI TNFAII 
pg/ml pg/ml 

14 <5 

30 6 

100 7 

" Supernatants of PP and NN fibroblasts were analyzed for sTNFAl and TNFRII by ELISA. Fibroblasts were cultured In a 
high-calcium (Ca2+), serum·free medium for 24 h, or a hlgh·calcium medium containing 5 % FCS for 24 or 72 h. Results 
are given of a representative PP and NN fibroblast culture (both n = 3), and expressed In pg/ml. 

fibroblasts, however, expressed an enhanced production of IL-6 together 
with a decreased binding of TNF-a. 

DISCUSSION 

This is the first study in which the expression of cytokine receptors on 
lesional psoriatic dermal fibroblasts was investigated. We observed that PP 
and NN fibroblasts expressed negligible IL-1 binding sites (Figs 1 and 2). 
Epidermal cells, used as control cells, were positive for binding of IL-1 a and 
IL-1 [} which validated our methodology (not shown). Qwarnstrom and collea­
gues found that cultures of human gingival fibroblasts did express binding 
sites for both the IL-1a and IL-1 [} isoform (12). Apart from the possibility 
that biotinylation of IL-1 affects receptor binding, as Qwarnstromand collea­
gues used iodinated IL-1, tissue-specific differences cannot be excluded. For 
example, the produc1ion of biologically active IL-1 can be triggered in gingival 
fibroblasts (36), but not in dermal fibroblasts (chapter 4.1). Our finding of 
negligible expression of IL-1 binding sites on dermal fibroblasts does not 
necessarily imply unresponsiveness of these cells to IL-1. Only a few IL-1 RI 
molecules per cell are sufficient for an IL-1 mediated response (37). This is 
confirmed by our novel finding that IL-1 [} stimulation of fibroblasts resulted in 

Figure 6. PP fibroblasts express decreased levels of TN FRio See right-handed page. NN (Figs A, 
C, E and F) and PP fibroblasts (8 and 0) were stained with the anti-TNFRI antibody htr-9 (A and 
8) and the anti-TNFR" antibody utr-1 (C and 0). Staining of NN fibroblasts with mouse IgG 1 (EI 
and the antibody 585 (F) were used as controls. Cells were grown on slides in a high-calcium 
medium containing 5 % FCS to confluence, fixed and stained, as described in the materials and 
methods section. Shown are a representative PP and NN fibroblast culture. The experiment was 
performed in duplo. Magn 630 X. 
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Teble II. PP fibroblasts co-express decreased binding of TNF·« and Increased IL·G production. 

Culture condition Psariasis8 Normal control 

binding TNF-a IL-6 production binding TNF-a. IL-G production 
% UIl05 cells % UIlO' cells 

24 h high Ca 2+ 
medium 33 16 11 

24 h high Ca2 + 
medium with serum 0 258 11 6 

72 h high Ca2 + 
medium with serum 300 40 13 

a The percentage of PP and NN fibroblasts which bind TNF-(l and the corresponding production of fl·G In UI105 cells 
were analyzed using flow cytometry and the 89 bioassay, respectively. Fibroblasts were cultured In a hIgh-calcium 
(Ca2+), serum·free medium for 24 h, or a hIgh-calcium medium containing 5 % FCS for 24 or 72 h. The results are 
shown of a representative PP and NN fibroblast culture (both n := 5), 

substantially upregulated binding of IL-6. The IL-4R has been demonstrated 
on gingival fibroblasts (38), while dermal fibroblasts have been shown to 
give a biological response to exogenous recombinant human IL-4 and IL-6 
(39,40). In this report we provide evidence that human dermal fibroblasts 
express binding sites for IL-4 and IL-6. Our observation that fibroblasts bind 
TNF-()( confirms the findings by Berman and others (14). The expression of 
cytokine binding sites by PP and NN fibroblasts was modulated by the use of 
different culture conditions. Calcium seemed to lower the expression of 
binding sites for IL-4, IL-6 and TNF-()( (Fig 2). However, extracellular calcium, 
using similar concentrations, enhanced the IL-l R levels in cultured human 
keratinocytes (41). This probably reflects cell-type specific differences. 
Addition of FCS resulted in increased binding of IL-4, IL-6 and TNF-()(. This 
increased binding initially parallelled the induction of fibroblast proliferation 
(third versus second bars, Fig 4), implying enhanced responsiveness to 
cytokines of fibroblasts starting to proliferate. 

Differences in cytokine binding between PP and NN fibroblasts became 
evident when confluent cultures were analyzed. Culturing of PP fibroblasts 
for up to 72 h in the presence of serum did not affect the number of cells 
which bound TNF-()(. This is in sharp contrast with the serum-upregulated 
binding of TNF-()( by NN fibroblasts (Fig 3A). The number of TNF-()( binding 
sites per cell, however, did not increase under serum-conditions in either NN 
or PP fibroblasts (Fig 3B). As the expression of cytokine receptors may 
directly correlate with the fraction of cells in cycle (42), we analyzed the 
growth characteristics of PP and NN fibroblasts. It is important to note that 
studies on the proliferation rates of PP and NN fibroblasts in response to FCS 
are inconsistent (23,24). Similar proliferation rates for both types of fibro­
blasts as well as a hyperproliferative state of PP fibroblasts have both been 
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reported. In our study, however, there were no significant differences in cell 
counts and the percentage of cycling cells, although the percentage of 
proliferating cells was somewhat higher in confluent PP fibroblasts (72 h 
under serum conditions) when compared to NN fibroblasts (Fig 4). Further­
more, the TNF-c< binding sites of PP fibroblasts were not occupied with 
endogenously produced TNF-c< (Fig 5C), and PP fibroblasts did also not lose 
their ability to upregulate the binding of TNF-c< (Fig 5D). 

TNF-c< can bind to two types of TNFR, the TNFRI and TNFRII, which are 
both active in signal transduction and are responsible for nonredundant TNF 
activities (43). Most immunomodulatory effects of TNF-c< on fibroblasts are 
mediated by TNFRI. Immunocytochemistry showed that the expression of 
TNFRI was clearly decreased in PP fibroblasts (Fig 6), which is in line with 

the binding experiments (Figs 5A and B). These staining results imply that 
the decreased binding of TNF-c< by PP fibroblasts is not due solely to an 
altered affinity of TNFRs for TNF-c<, but may merely reflect a decreased 
expression of TNFRI. Both types of receptors are shed either by protein 
kinase C dependent proteolysis (induced by PMA) or by protein kinase C 
independent proteolysis (induced by IL-1 and IL-4) (44,45). We observed that 
serum enhanced shedding of TNFRI by both types of fibroblasts, which may 
be due to serum-induced endogenous protein kinase C activity. The kinetics 
of the shedding was slow (Table I). A similar slow process of release of 
sTNFR was also found using PBMC (31). Amounts of sTNFRil in the superna­
tants were very low but still detectable, being in line with the low expression 
of this receptor found with immunocytochemistry. Shedding, being similar 
for both types of fibroblasts, does not explain the decreased TNFR expressi­
on by PP fibroblasts. Furthermore, the observation that PP fibroblasts 
express negligible intracellular levels of immunoreactive TNFR does not 
support rapid TNFR upregulation and subsequent internalization of the 
receptors by these cells. Thus, at the moment, we speculate that PP fibro­
blasts exhibit a deficiency in serum-induced TNFR upregulation. This is in line 
with other alterations such as an elevated synthesis of extracellular matrix 
proteins and an increased expression of PDGFR[3, which have been conside­
red as intrinsic phenotypic abnormalities of mUlti-passaged PP fibroblasts 
(20,46). PP fibroblasts also express elevated levels of PDGFR[3 in vivo (47), 
and show an increased biological response to PDGF in vitro (48). Although 
factors determining the responsiveness to TNF-c< are not fully known yet, it 
has been shown that fibroblasts derived from affected skin from scleroderma 
patients do not respond to TNF-c< in upregulating TNFRII mRNA levels. 
Scleroderma and normal fibroblasts do not differ at the TNFR protein level, 
but scleroderma fibroblasts constitutively contain TNFRI and TNFRII mRNA, 
whereas normal fibroblasts constitutively express mainly TNFRI mRNA (14). 

TNF-c< has mitogenic activity and many immunomodulatory activities on 
human dermal fibroblasts (49). For example, TNF-c< upregulates the expres­
sion of enzymes, cytokines (e.g. IL-1, IL-6 and IL-8), adhesion and MHC 
molecules, and stimulates chemotaxis. One would expect that the decreased 
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TNFR expression by PP fibroblasts affects the inflammatory response of 
these cells to TNF-a. However, several arguments do not favor this hypo­
thesis. First, we only observed a decreased TNFR expression in response to 
factors present in FCS, not to other stimulating agents (e.g. PM A, Fig 5D). 
Second, PP fibroblasts co-expressed a decreased binding of TNF-a together 
with an increased production of IL-6 in contrast to NN fibroblasts (Table II). 
Third, the degree of receptor density does not always correlate with TNF-a 
responsiveness (131, and the biological actions of TNF-a are not always 
preceded by receptor internalization (50). Moreover, using a murine model, 
subcutaneous injection of a combination of lithium chloride (a drug used to 
treat manic depressive disease and known to trigger or aggravate psoriasis 
as a side effect) and TNF-a induced a psoriasiform inflammatory reaction via 
an increase in the endogenous IL-6 production in the skin (28). Immuno­
histochemistry of biopsies of human skin also showed that the in vivo 
expression of TNFR is altered in the dermal compartment of psoriatic lesions 
(51). The decreased TNFR expression by PP fibroblasts demonstrated in vitro 
suggests that dermal fibroblasts are, at least in part, involved in maintaining 
the in vivo milieu characteristic of psoriatic lesions. 
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Chapter 5 

GENERAL DISCUSSION 

Dysregulated cellular cross talk may initiate and/or mediate psoriasis. 
Recent reports implicate the pathological relevance of cytokines and their 
receptors in general, and the IL-l system in particular, in psoriatic skin (see 
for review of the literature chapter 1.3). To investigate the interleukin 1 (lL-
1) system and IL -1 system-related cytokines in psoriasis in-depth, the 
present thesis aimed at an integrated study approach which combined 
several models (i.e. in vivo, ex vivo, and in vitro models) and multiple assays 
(see chapter 2.2). Studies on the epidermal (chapter 3) and dermal compart­
ment (chapter 4) are discussed in chapters 5.1 and 5.2, respectively. In 
chapter 5.3, the conclusions are given and the hypothesis-testing is assessed 
(see for hypothesis chapter 2). Chapter 5.4 presents our current view on the 
(epi)dermal IL-1 system and IL-1 system-related cytokines in the immunopa­
thogenesis of psoriasis. Finally, future research directions are given in 
chapter 5.5. 

5.1 THE EPIDERMAL IL-1 SYSTEM IN PSORIASIS 

The epidermal expression of IL-1 is clearly altered in psoriasis (see Table 
IV of chapter 1.3.2). As initially available data were inconsistent and often 
incomplete, the focus of the first experiments was to phenotype the comple­
te epidermal IL-1 system in psoriatic skin. Findings in vivo were extended by 
the characterization of the production of IL-l and related cytokines by 
lesional psoriatic epidermal cells ex vivo and its modulation by IL-4 . Table I 
summarizes the findings in vivo and ex vivo as reported in chapter 3. 

IL-1 phenotype of lesional psoriatic epidermis in vivo is dominated by 
antagonists 

A thorough analysis of .ill! functionally characterized components of the IL-
1 system resulted in a defined phenotype of IL-1 in psoriatic epidermis, given 
in Table V of chapter 3.1. We have analyzed the expression of multiple 
members of the IL-1 system both at the RNA and protein level in parallel 
using semiquantitative techniques, and show for the first time that the 
expressions of IL-1 and IL-1 receptor (IL-1 R) isoforms are coordinatedly 
altered in lesional psoriatic epidermis. 

The in situ expression of IL-1 a protein was decreased in lesional psoriatic 
epidermis relative to non-Iesional psoriatic and normal control epidermis. This 
may reflect increased secretion of this cytokine in vivo, as suggested by the 
increased release of IL-1 a by lesional psoriatic epidermal cells observed ex 
vivo (chapter 3.2 and Table I). The decrease of IL-1a in lesional psoriatic 
epidermis was not found using cytosol from freshly isolated epidermal cells 
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(Table I of chapter 3.3), perhaps as a consequence of the trypsinization 
procedure to prepare cell suspensions, but was in line with findings on 
cytosolic keratome extracts (1-3). IL-10: mRNA was not detectable, even 
with the sensitive reverse transcriptase - polymerase chain reaction (RT­
PCR), probably due to its instability (1,4). The in situ expressions of IL-1 
receptor antagonist (IL-1 raj and IL-1 R type II (IL-1 Rill proteins were both 
increased in lesional psoriatic epidermis, being in agreement with findings 
reported by others (3,5). Furthermore, IL-1 ra and IL-1 RII both negatively 
correlated with the expression of IL-10:. This inverse relation is a novel 
observation and may be inherent to accelerated terminal keratinocyte diffe­
rentiation in clinically stable psoriatic lesions, as the shift in the ratio be­
tween IL-1 agonists (lL-10:) and IL-1 antagonists (lL-1 ra and IL-1 RII) parallels 
and may even control keratinocyte differentiation (3,6-8). The increased 
synthesis of IL-1 ra and IL-1 RII proteins in lesional psoriatic epidermis may be 
explained at the level of translation/post-translational modification and 
transcription, respectively, since intracellular IL-1 ra (icIL-1 raj mRNA levels did 
not differ among psoriatic and normal control epidermal cells, whereas levels 
of IL-1 RII mRNA were increased in lesional psoriatic epidermal cells. Another 
important observation is the positive correlation between the expressions of 
IL-1 ra and IL-1 RII, which suggests an effective inhibition of IL-1 respon­
siveness in lesional psoriatic epidermis as IL-1 ra and IL-1 RII can synergistical­
ly antagonize IL-1 activity (see chapter 1.1.1 on regulation of IL-1 activity). 
In fact, it has recently been shown that overexpression of iclL-1 ra as well as 
IL-1 RII in human epithelial cells attenuates the response to IL-1 (9,10). Since 
interferon-y (IFN-y) is reported to increase the expression of keratinocyte IL-
1 RII (11) and is present in increased amounts in lesional psoriatic skin (12), 
the overexpression of IL-1 RII on lesional psoriatic keratinocytes may be 
mediated by IFN-y. Expression of IL-1 RI was only detectable with RT-PCR, 
which confirmed the observation that in keratinocytes IL-1 RII is the dominant 
IL-1 R isoform (11). IL-1 RI mRNA was present to a similar extent in lesional 
psoriatic and normal control epidermal cells, which underscores our notion 
that in psoriasis epidermal IL-1 responsiveness is predominantly regulated at 
the level of IL-1 antagonists. 

Freshly isolated lesional psoriatic epidermal cells express clearly increased 
levels of IL-1Jl mRNA (chapter 3.1) and cytosolic IL-1Jl protein (chapter 3.2) 
when compared to normal control epidermal cells, suggesting increased IL-1 Jl 
gene transcription by lesional psoriatic epidermal cells. The IL-1 Jl mRNA and 
protein findings confirmed previous reports with complete skin biopsies 
(1,12). The in situ expression of epidermal IL-1Jl protein, however, was 
varia bel and mostly not detectable. Nevertheless, a few psoriatic patients 
revealed suprabasal areas with strong IL-1 Jl immunoreactivity, at least in part 
derived from neutrophils. These areas were lined by cells positive for both 
DNA breaks and IL-1Jl (Fig 7 of chapter 3.3). Epidermal IL-1Jl greatly affects 
cutaneous inflammation, as IL-1Jl induces leukocyte-attracting chemokines, 
protects leukocytes from apoptosis (13,14) and is required for the generation 
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of T helper cell type 1 (T H 1 )-type cytokines (15) (see also chapter 1.2.2). 
Therefore, the increased expression of IL-lll in a few patients in vivo as well 
as in lesional psoriatic epidermal cells ex vivo (chapter 3.2) favor the contri­
bution of IL-lll to the inflammatory response in psoriasis. The increased 
expression of IL-l ra and IL-l RII mRNA in freshly isolated lesional psoriatic 
epidermal cells paralleled those of IL-lll (chapter 3.1), which may reflect an 
attempt of psoriatic skin to control IL-lll-mediated inflammation. 

Apoptosis, the physiological pathway of epidermal cell death in vivo (16), 
was increased in lesional psoriatic epidermal cells (chapter 3.3) and may 
represent a homeostatic mechanism to counteract the hyperproliferation of 
psoriatic keratinocytes. Alternatively, apoptosis may be induced by defective 
cell-matrix interactions (17), and this phenomenon may contribute to psoria­
tic keratinocyte apoptosis as the expression and adhesive function of integrin 
receptors are severely altered in these cells (18). Since apoptotic keratinocy­
tes can express autoantigens (19,20) they may be relevant to the pathogen­
esis of psoriasis (see also chapter 5.4). It is speculated that keratinocyte 
apoptosis may contribute to the generation of epidermal IL-lll (see below). 
To substantiate this notion, current investigations focus on whether psoriatic 
keratinocytes express the IL-lll converting enzyme (ICE). 

Taken together, we hypothesize that IL-l agonists participate in the 
initiation and/or maintenance of psoriasis. This line of thought is substantia­
ted by the observation that the IL-l a protein levels in non-Iesional psoriatic 
epidermis show a significant inverse correlation with the whole body clinical 
PASI scores (Spearman's Rank Correlation Coefficient (rs) = -0.7, n = 8, P 
< 0.05) (Note that the IL-l a levels in lesional psoriatic epidermis were 
always negligible and do therefore not correlate with PASI scores). In 
addition, the IL-l p mRNA and protein levels were increased in non-Iesional 
psoriatic skin when compared to normal control skin (1,12). The coordinated­
jy altered expressions of IL-l (R) isoforms in persistent psoriatic lesions give 
rise to a phenotype dominated by IL-l antagonists, possibly as a conse­
quence of feedback mechanisms to IL-l (see chapter 5.4). One should note 
that several molecules have recently been cloned which demonstrate a 
structural homology to IL-lll (i.e. IL-ly (21)) and IL-1RI (i.e. among others 
T1/ST2 (22)). Analysis of the expression and function of these potentially 
new members of the IL-l system in psoriatic skin may be necessary for a 
complete understanding of the dysregulation of IL-l in this skin disease. 

The ex vivo model: a valid model to monitor epidermal cytokine production 
Freshly isolated epidermal cells and non-stimulated, short-term « 24 h) 

primary cultures of these cells were introduced as an ex vivo model to 
monitor cytokine production by epidermal cells (chapter 3.2). Epidermal cells 
ex vivo are a valid test model for the following reasons. 
First, epidermal cells ex vivo closely represent the situation in vivo as shown 
by studies on the expression of DNA fragments (chapter 3.3), cytokine 
mRNA (chapters 3.1 and 3.4, and ref 23). and cytosolic IL-l (i.e. cytosolic 
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IL-1P: chapter 3.2 and ref 1), and production of cytokines (Le. IL-6: chapter 
3.2 and ref 24). 
Second, IL-l production by primary cultures of epidermal cells is not merely 
based on passive release of preformed IL-l, but cells actively produce, 
process and secrete mature IL-l (chapter 3.2). 
Third, epidermal cells ex vivo are less prone to in vitro artefacts than human 
keratinocyte cultures (Le. upregulation of cytosolic IL-l p: chapter 3.2 versus 
ref 25). 
Fourth, epidermal cells ex vivo show a selective de novo synthesis of 
cytokines (chapter 3.2). 
Finally, cytokine production by epidermal cells ex vivo can be modulated by 
treatments in vivo (i.e. topical corticosteroids: ref 26) as well as treatments 
ex vivo (Le. IL-4: chapter 3.4). 

Table I. Inventory of in vivo and ex vivo study results on the epidermal IL·l system and IL-1 
system-related cytokines In psoriasis.a 

In vivo 

IL-la mRNA -, and (pro-HL-1a. protein J. in cytoplasm of basal keratinocytes. 
IL-1 p mRNA 1', and IL-1 P protein only detectable in suprabasal keratinocytes of a few patients. 
IL-1ra mRNA ~/tb, and IL-1ra protein t in cytoplasm of suprabasal keratinocytes. 
IL-1RI mRNA -Ho, and IL-1RI protein-, 
IL-1RIl mRNA t, and IL-1RII protein t in basal keratinocytes. 
Il-4R mRNA t, and IL-4R protein t c in basal and some suprabasal keratinocytes. 
The expressions of the individual IL-1 (R) isoforms are interrelated. 
The IL-4R expression is positively related to those of IL-1 ra and IL-1 RII. 

Ex vivo 

Released of Ipro-)IL-1a protein t related to necrosis. 
De novo synthesisd of mature IL-1 p protein t, related to apoptosis. 
Production of IL-6 protein 1'. 
Production of TNF-a protein H. 

IL-4 downregulates the production of IL-6 protein, and to a lesser extent IL-1 p. 

a Symbols: -l., t and (-t Indicate significantly decreased, increased and similar expression in laslonal psoriatic epidermal 
samples when compared to normal control epidermal samples. respectively; and· indicatas not detectable. Note that 
the In vivo expressions of Individual Il-1{RJ Isoforms in non·lesional psoriatic epidermIs were similar to those In 
normal control epidermis. 

b The ffrst symbol represents 1cll-lra mRNA and tho second one secreted Il-tra (sll-lra) mRNA. 
e Note that the expressIon of Il·4R protein in non-Ieslonal psoriatic epIdermis Is also increased when compared to 

normal control epidermis. 
d The release end de novo synthesis of fl-t are calculated as described in the materials and methods section of 

chapter 3.3. 

IL-l production by lesional psoriatic epidermal cells is related to cell death 
Using the ex vivo model, we show for the first time that lesional psoriatic 

epidermal cells produce significantly increased amounts of biologically active 
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IL-1 relative to normal control epidermal cells (chapter 3.2 and ref 26). 
Moreover, lesional psoriatic epidermal cells produce biologically active IL-10: 
and IL-1/l in a ratio of 3: 1, whereas normal control epidermal cells only 
produce IL-10:. Processing and release of mature, biologically active IL-1 may 
be a consequence of cell death (27). We noted that lesional psoriatic epider­
mal cells showed a significantly increased cell death, as measured by trypan 
blue exclusion, relative to normal control epidermal cells (chapter 3.2), and 
that this cell death correlated significantly with the percentage of epidermal 
cell-derived IL-1 released into the medium (i.e. relative release) (chapter 3.3). 
The relative releases of IL-10: and IL-1/l both correlated with the clinical PASI 
scores (release of IL-10: with PASI: rs ~ 0.9, n ~ 6, P < 0.025; and release 
of IL-1 /l with PASI: rs ~ 0.8, n ~ 6, P < 0.05). 80th apoptosis and necrosis 
of monocytic cells is reported to be accompanied by activation of ICE 
(27,28), which may subsequently activate the calcium-activated neutral 
protease calpain (CANP: IL-10: processing enzyme) (29), and result in the 
secretion of mature IL-10: and IL-1/l. 

In our ex vivo model, lesional psoriatic epidermal cells expressed both 
enhanced apoptosis (chapter 3.3) and necrosis (chapter 3.2). Apoptosis is 
the principal route of epidermal cell death during short-term culture, as DNA 
fragmentation clearly preceded loss of plasma membrane integrity. The 
enhanced production of IL-1/l by lesional psoriatic epidermal cells is caused 
by increased de novo synthesis of IL-1/l in trypan blue negative cells (i.e. 
viable/non-necrotic cells) and is related to apoptosis (chapter 3.3). IL-1/l 
processing was observed to precede secretion (Fig 5 of chapter 3.3), as was 
previously shown for monocytic cells (27), and confirmed the presence of 
mature IL-1/l in cytosolic extracts of lesional psoriatic, but not normal control 
keratome specimens (2). The finding that IL-1/l production by lesional 
psoriatic epidermal cells ex vivo is related to apoptosis is a novel one, and in 
accordance with the recent report that expression of the anti-apoptotic B cell 
lymphoma-2 (BCL-2) gene product in the murine keratinocyte cell line PAM-
212 is inversely related with expression of IL-1 (30). Necrosis, evident by the 
release of lactate dehydrogenase activity as a marker for cytosol, may be, at 
least in part, secondary to apoptosis as apoptotic cells ex vivo are not 
phagocytosed and may ultimately display membrane disintegration (31). 
Facilitated release of intracellular (pro-)IL-10:, as a consequence of lost mem­
brane integrity by (secondary) necrotic cells, explains the enhanced producti­
on of IL-10: by lesional psoriatic epidermal cells (chapter 3.3). Depletion 
experiments for intra-epidermal leukocytes (chapter 3.2) and the observed 
ability of the human keratinocyte cell line COLO-16 to secrete functionally 
active IL-1/l (i.e. constituting 25 % of the total IL-1 activity: ref 32), favor 
keratinocytes as the cell-type responsible for the observed IL-1 production ex 
vivo. 
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Lesional psoriatic epidermal cells produce increased amounts of IL-6. but not 
TNF-o: 
Lesional psoriatic epidermal cells also produced increased amounts of IL-6 

(chapter 3.2). The production of this cytokine represents de novo synthesis, 
as IL-6, in contrast to IL-1, is synthesized as a pro-form containing a leader 
peptide and is secreted via the classic secretory pathway (see chapter 
1.1.2). Our finding that short-term culture of lesional psoriatic epidermal cells 
enhanced both the IL-6 mRNA expression and the IL-6 protein secretion 
confirmed this notion (chapter 3.4). The ex vivo results on IL-6 are in 
agreement with previous reports on blister fluids and skin biopsies (24,33). 
However, IL-6 could not be detected in aqueous extracts of the stratum 
corneum from psoriatic lesions and normal control skin (34). 

Lesional psoriatic and normal control epidermal cells were furthermore 
observed to produce low, but similar amounts of tumor necrosis factor-o: 
(TNF-o:) (chapter 3.2). TNF-o: production may involve shedding of membrane 
TNF-o: (see chapter 1.1.2). Reports on TNF-o: levels in blister fluids and 
aqueous extracts of the stratum corneum show controversy. In blister fluids 
either no TNF-o: was observed (35) or the amounts of TNF-o: were increased 
in lesional psoriatic skin samples (36). In aqueous scale extracts TNF-o: 
protein and TNF-o: activity were either not detectable (35), TNF-o: was 
increased in lesional psoriatic skin but possessed no equivalent biological 
activity (34), or both TNF-o: protein and TNF-o: activity were increased in 
lesional psoriatic skin (37). The extent to which soluble TNFRI (sTNFRI), 
present in lesional psoriatic skin (37), and metalloproteases, responsible for 
the shedding of TNF-o: and TNFRI (38,39), contribute to these controversies 
remains to be determined. When interpreting our ex vivo results, it is impor­
tant to realize that these reflect the actual cytokine production by freshly 
isolated viable epidermal cells, which may account for some of the mentio­
ned discrepancies with in vivo results. 

Normally, human keratinocytes need a vigorous stimulus to produce 
substantial amounts of cytokines in vitro. Our results, therefore, imply that 
lesional psoriatic epidermal cells show an activated state in vivo and are 
easily triggered to express an enhanced production of IL-1 and IL-6. Transge­
nic mice showed that IL-1, but not IL-6, exert direct pro-inflammatory 
actions and that IL-6 probably acts synergistically with epidermal cell-derived 
IL-1 in the pathogenesis of psoriasis (5,40). 

IL-4R expression by psoriatic epidermal cells is enhanced and downregulates 
the production of IL-6 protein. and to a lesser extent IL-1 B 

Psoriatic epidermal cells express enhanced levels of functional IL-4R 
(chapter 3.4). Analysis of the IL-4R mRNA and protein levels suggests that 
the increased expression of IL-4R by psoriatic epidermis is due to enhanced 
transcription of the IL-4R gene. The increased IL-4R expression may be a 
consequence of the local increase of IL-1 and IL-6 levels in lesional as well as 
non-Iesional psoriatic skin (chapter 4.1, and refs 1,12,24,33,41), as at least 

182 



General discussion 

for myeloid cells IL-6 was reported to induce transcription of the IL-4R gene 
(42). Moreover, the upregulated expression of IL-4R in psoriatic epidermis in 
vivo may reflect a mean to downregulate the local epidermal IL-1 and IL-6 
overexpression, as IL-4 inhibits the production of these cytokines by lesional 
psoriatic epidermal cells ex vivo (chapter 3.4). In more detail, IL-4 inhibited 
the production of IL-6 protein, and to a lesser extent IL-113, and IL-4 most 
likely arrested post-transcriptional synthesis of IL-6, since IL-6 mRNA levels 
were not affected by IL-4 treatment. Lesional psoriatic epidermal cells may 
even show an altered response to IL-4 relative to normal control epidermal 
cells, as these latter cells demonstrated decreased levels of both IL-113 and 
IL-6 mRNA (Fig 5 of chapter 3.4). This observation is in line with the view 
that psoriatic keratinocytes display an altered responsiveness to cytokines, 
as has already been demonstrated for IFN-y and IL-6 (43-45). 

The notion that IL-4 may contribute to an effective repression of the 
epidermal IL-1 system is substantiated by the observation that the IL-4R 
expression correlated significantly with those of IL-1 ra and IL-1 RII. Neverthe­
less, the predominance of T H 1-type cytokines in lesional psoriatic skin in vivo 
(12,46) does not favor IL-4-mediated effects in psoriasis. Studies with 
lesional skin-derived T cell clones, however, showed that a minority of 
clones do secrete IL-4 and that keratinocyte proliferation induced by T cell­
released cytokines is in part due to IL-4 (46,47). Moreover, recent immuno­
histochemical analysis indicated that psoriatic skin, although predominantly 
expressing IFN-y + infiltrating T cells, also express an increased number of IL-
4 + dermal T cells relative to normal skin (not shown). The increase of both 
the epidermal expression of IL-4R and the inflammatory response in lesional 
psoriatic, and to a lesser extent non-Iesional psoriatic skin, together with the 
ability of IL-4 to downregulate the inflammatory response (48), stress the 
relevance of the mentioned effects of IL-4 to the pathogenesis and therapy 
of psoriasis. 

5.2 THE DERMAL IL-1 SYSTEM IN PSORIASIS 

Dermal cell - epidermal cell interactions control epidermal homeostasis. 
The reciprocal induction of plasma membrane-bound and soluble factors such 
as MHC molecules, adhesion molecules, cytokines, cytokine receptors and 
extracellular matrix components affect growth, differentiation, state of 
activation and migration of resident as well as infiltrating cells (see chapter 
1.2.1 on fibroblasts). Fibroblast - keratinocyte cocultures showed that 
keratinocyte-derived IL-1 increased the production of IL-6 by fibroblasts, 
which in turn is essential in promoting keratinocyte proliferation (49,50). As 
a feedback response, IL-1o: and IL-113 activity, both responsible for the 
induction of IL-6 production, is downregulated by fibroblasts (49,51). 

Fibroblasts are postulated to drive keratinocyte hyperproliferation and the 
cutaneous inflammatory response in psoriasis as suggested by in vitro (i.e 
coculture of gel-incorporated dermal fibroblasts and keratinocytes) and in 
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vivo experiments (i.e. transplantation studies using immune deficient mice) 
(see chapter 1.3 on fibroblasts). To study the pathological relevance of fibro­
blasts to psoriasis, we analyzed the expression of IL-1 and IL-1-related 
cytokines as well as their receptors by psoriatic fibroblasts in vitro (chapter 
4). 

Fibroblasts contribute to the locally increased IL-6 levels in psoriatic lesions 
We observed that human dermal fibroblasts do not produce IL-1 a, IL-1 j} or 

TNF-a, but are potent producers of IL-6 and IL-8 (chapter 4.1). Normal 
human fibroblasts among other cell types typically do not express IL-6 or IL-8 
in the absence of a stimulatory signal (52,53). Lesional psoriatic fibroblasts, 
however, showed an increased spontaneous production of IL-6 and IL-8 
(which was less dependent on external stimuli such as growth factors or 
serum). The enhanced production of IL-6 was neither psoriasis nor fibroblast 
specific, as constitutive IL-6 production has previously been reported for 
lesional sclerodermal fibroblasts (54) and peripheral blood monocytes from 
psoriatic patients (55), respectively. This suggests that the increased IL-6 
production by lesional psoriatic fibroblasts is secondary to the chronic 
inflammatory response which characterizes psoriatic lesions. Fibroblast­
derived IL-8, measured with enzyme-linked immunosorbent assay (ELISA), 
probably contributes negligibly to the biologically active IL-8 present in 
psoriatic lesions, as these cells produce exclusively the less biologically 
active 77-residue IL-8 form (56). 

Serum induced the production of IL-6 and IL-8 protein in normal human 
dermal fibroblasts, as was previously observed with other cell types 
(53,57,58). The serum-induced kinetics of IL-6 production by fibroblasts was 
rapid, high and persistent, and unique for psoriasis. Unexpectedly, lesional 
psoriatic and normal control fibroblasts expressed similar levels of steady­
state IL-6 mRNA levels under serum-free conditions, and serum induced a 
labile repressor protein of the IL-6 mRNA levels, most profoundly in lesional 
psoriatic fibroblasts. An overview of the altered IL-6 synthesis in lesional 
psoriatic fibroblasts is given in Table V of chapter 4.1. 

The IL-6 levels are increased locally in psoriatic lesions (33), and contribu­
te to the cutaneous inflammatory response, as for instance IL-6 potentiates 
the antigen presenting function of human fibroblasts (59). Moreover, anti­
psoriatic vitamin D3 analogs were shown to decrease fibroblast-derived IL-6 
levels in vitro (60). We conclude that dermal fibroblasts are an important 
source of the increased IL-6 protein levels in psoriasis. 

Lesional psoriatic fibroblasts show a decreased TNFR expression 
The enhanced IL-6 protein production in lesional psoriatic fibroblasts may 

be the result of an altered expression of cytokine receptors, involved in 
auto/paracrine induction of IL-6. Flow cytometry showed that fibroblasts 
bound negligible amounts of recombinant human IL-1 a and IL-1 j}, but clearly 
bound IL-4, IL-6 and TNF-a (chapter 4.2). The lack of IL-1 production 
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(chapter 4.1) and the negligible expression of IL-1 binding sites on fibroblasts 
(chapter 4.2) per se do not exclude the possibility that the IL-6 production by 
lesional psoriatic fibroblasts is induced by IL-1. In fact, Espinoza at at. 
recently showed that lesional psoriatic fibroblasts do produce biologically 
active IL-1P (61), measured with the use of another, probably more sensitive 
bioassay than the D10 assay which we used. In addition, only a few IL-1RI 
molecules per cell are sufficient for an IL-1-mediated response (62), illustra­
ted by the clear IL-1 responsiveness of fibroblasts (Fig 1 of chapter 4.2). 

The expression of cytokines, as mentioned above, and their binding sites 
is modulated by both calcium and serum, probably in a manner specific for 
dermal fibroblasts, as modulation is different with other cell types or fibro­
blasts derived from different tissue sources (i.e. bone marrow stroma-derived 
fibroblasts) (7,63). Serum upregulated the number of normal control fibro­
blasts which bound TNF-a, and to a lesser extent IL-6. However, culturing 
lesional psoriatic fibroblasts to confluence under serum-containing conditions 
did not affect the number of cells which bound TNF-a. Immunocytochemical 
staining results were in line with the binding experiments and showed that 
the expression of TNFRI, which mediates most immunomodulatory effects on 
fibroblasts (64), was clearly decreased in lesional psoriatic fibroblasts. ELISA 
for sTNFR showed that shedding of the TNFR was not responsible for the 
decreased TNFR expression by lesional psoriatic fibroblasts (chapter 4.2). 

Taken together, we speculate that lesional psoriatic fibroblasts exhibit a 
deficiency in serum-induced TNFR upregulation. This is in agreement with 
observations by others that lesional psoriatic fibroblasts display numerous 
inherent phenotypic abnormalities in vitro, all reflecting a hyperactive cellular 
state, and confirms reports on an altered response of these cells to serum 
factors, cytokines and therapeutics (see chapter 1.3 on fibroblasts). In 
analogy, lesional psoriatic fibroblasts express increased levels of functionally 
active platelet-derived growth factor RP (PDGFRP) (61,65), and lesional 
scleroderma I fibroblasts show an altered ellpression of TNFR (66). At the 
moment, one cannot simply extend our findings on the TNFR expression to 
the responsiveness to TNF-a, since the degree of receptor density does not 
always correlate with TNF-a responsiveness (67), and the biological actions 
of TNF-a are not always preceded by receptor internalization (68). 

In total, our studies show that lesional psoriatic fibroblasts co-express 
decreased TNFR levels and an increased IL-6 production. Interestingly, in 
mice TNF-a, co-injected subcutaneously with lithium chloride, induced a 
psoriasis-like inflammatory response via an endogenous local IL-6 production 
(69). Thus, our results imply, at least partial involvement of dermal fibro­
blasts in the maintenance of the chronic inflammation in psoriasis. 

5.3 CONCLUSIONS 

Conclusions drawn from the thesis work are the following. 
1) lesional psoriatic epidermis displays an IL-1 antagonist sphere of 
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influence in vivo; 
2) lesional psoriatic epidermal cells secrete elevated amounts of biological­

ly active IL-1 a, IL-1 p and IL-6 ex vivo relative to normal epidermal cells; 
3) de novo synthesis of IL-1 P by lesional psoriatic epidermal cells ex vivo 

is enhanced and related to apoptosis; 
4) lesional psoriatic basal keratinocytes in vivo express elevated levels of 

functionally active IL-4R; 
5) lesional psoriatic fibroblasts express an enhanced production of IL-6 in 

vitro; and 
6) lesional psoriatic fibroblasts express a decreased expression of TNFR 

under serum-stimulated conditions in vitro. 

Overall, the first part of the hypothesis is correct, in that the expression of 
members of the IL-1 system and IL-1 system-related cytokines is, at least in 
the epidermis, coordinatedly altered. 

5.4 CURRENT VIEW ON IL-1 IN THE IMMUNOPATHOGENESIS OF PSORIA­
SIS 

A hypothetical scheme that illustrates the pathological relevance of IL-1 to 
psoriasis is given in Figure 1. This scheme integrates data presented in this 
thesis (in bold) and data from the literature. It is important to realize that 
non-Iesional psoriatic skin is not normal. Relevant alterations in this type of 
skin are mentioned in Figure 1 (see chapter 1.3 for references). For instance, 
keratinocyte stem cells from non-Iesional psoriatic skin show enhanced 
proliferation in response to the cooperative action of IFN-y, IL-3 and granulo­
cyte macrophage-colony stimulating factor (GM-CSF) when compared to 
stem cells from normal skin (47). Moreover, injection of IL-2 or IFN-y in non­
lesional psoriatic skin in vivo triggers the appearance of lesional skin (70,71). 
In normal human keratinocytes IFN-y has already been reported to induce the 
production of IL-1a (72). In extension of these observations, one could 
speculate that the secretion of IL-1 by psoriatic keratinocytes, as observed 
ex vivo, is more easily triggered by injury and/or products from activated 
cutaneous lymphocyte-associated antigen (ClA) + and variable gene region 
(V)P2/6+ immunosurveilling skin T cells relative to normal keratinocytes. In 
this context, microbial antigens, acting as superantigens, are good candida­
tes to trigger an initial T cell response (see chapter 1.3.1). At the moment 
one cannot exclude (auto)antigen(s) in the initiating events of psoriatic 
lesions. However, a micro-environment dominated by Il-1 agonists and IL-1-

Figure 1. IL-1 in the Immunopathogenesls of psoriasis. See right-handed page. The presented 
scheme integrates data from this thesis (in bold) and recent literature to illustrate the proposed 
involvement of IL-1 in the initiation andlor maintenance of psoriatic lesions. See chapter 5.4 for 
details. 
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inducible cytokines such as IL-6, IL-8 and TNF-a may support an antigen­
independent initiation of the inflammatory response (see chapter 1.2.2), and 
give rise to the psoriatic phenotype, as is illustrated in Figure 1. In the early 
developing psoriatic lesion cytokines, being overexpressed by non-Iesional 
psoriatic skin (e.g. IL-la, IL-1Jl, IL-6 and IL-8) (see chapter 1.3 on non­
lesional psoriatic skin), may initiate endothelial changes (73). It has previ­
ously been shown that epidermal alterations precede vascular anomalies 
(74), which may subsequently lead to inflammatory cell infiltration in psoria­
tic plaques (75). Data from integrin transgenic mice furthermore support the 
view that the primary defect is in the keratinocytes (76). 

The oligoclonality of T cells in lesional skin (predominant usage of VJl2/6 
and VJl3/13.1 by dermal and epidermal T cells, respectively) favors the 
contribution of antigens or autoantigens to the persistence of psoriatic 
lesions (77,78). IL-la may even prevent the induction of antigen-specific 
tolerance (79). Sensitization to multiple autoantigens or cryptic epitopes is 
likely the consequence of chronic inflammation, epidermal hyperplasia, 
accelerated terminal keratinocyte differentiation and apoptosis (see chapter 
1.3.1). It also remains possible that the expression of such neo-epithelial 
peptides is more easily triggered in psoriatic relative to normal keratinocytes. 
Binding of (super)antigens and/or autoantigens to immunogenetically determi­
ned high-risk human leukocyte antigen (HLA) molecules on antigen presen­
ting cells (i.e. dendrocytes) may subsequently become productive for T cell 
activation (80). Psoriatic lesions are probably maintained by a self-sustaining 
cycle of predominantly T H 1-type cytokines derived from dermal dendrocyte­
activated memory T cells (81) that stimulate epidermal cells (82), and further 
epidermal IL-l potentiation of the T cells (83). Epidermal IL-l Jl may be 
involved in the skewing towards the production of TH1-type cytokines (15). 
Resident skin cells such as fibroblasts are probably also actively involved in 
the amplification and/or maintenance phase of psoriasis since these cells 
show an altered expression of cytokines and their receptors in vitro (see 
chapter 1.3 on fibroblasts and Fig 1). Moreover, the increased production of 
superoxide anion by lesional psoriatic fibroblasts (84) together with the 
increased keratinocyte apoptosis in psoriasis (chapter 3.3 and Fig 1) may 
lead to activation of Langerhans cells and subsequently of naive, antigen­
specific T cells (85). 

Finally, downregulatory mechanisms of cutaneous inflammation may be 
deficient in psoriasis. These comprise, for example, negative-feedback loops 
involving the IL-l system; apoptosis of keratinocytes and effector leukocytes 
(e.g. clonal deletion of locally activated auto reactive T cells); induction of 
peripheral tolerance to self-antigens by keratinocytes; and repair of skin 
tissue which decreases activation of APC. IL-l is, albeit to varying degrees, 
involved in every single downregulatory mechanism (see chapter 1.2). The 
IL-l antagonist sphere of influence (i.e. increased epidermal expressions of 
IL-l ra and IL-l RII), favoring a decreased IL-l responsiveness, possibly 
reflects a negative-feedback response to IL-l agonists, perhaps in part 
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mediated by IL-4 (i.e. increased expression of functional IL-4R). Such an 
impaired response of lesional psoriatic epidermis to IL-l may thus, at least in 
part, be responsible for a deficient downregulation of the psoriatic response. 

Why do normal individuals not develop psoriatic lesions? A number of 
genetically-determined factors, as outlined above, may contribute to the 
pathogenesis of psoriasis. In short, these factors comprise an altered cytoki­
ne responsiveness of non-Iesional psoriatic keratinocytes, high-risk HLA 
molecule binding of antigen(s), and a defective downregulation of the 
inflammatory response. The polygenic nature of psoriasis suggests that most 
likely a combination of such factors (as well as perhaps other factors) is 
involved in the initiation and/or maintenance of the psoriatic phenotype. 
These factors contribute to the generation of self-sustaining cycles of 
cytokine-mediated activation of resident and infiltrating cells, of which the IL­
l system is an integral component. 

5.5 FUTURE DIRECTIONS 

Future work should focus on the primary fault in psoriasis, which in our 
opinion is restricted to the non-Iesional psoriatic keratinocyte. Promising 
models were recently developed which enable research into the sequence of 
initiating events resulting in the transition of the non-Iesional psoriatic 
keratinocyte to the lesional psoriatic keratinocyte. For instance, the psoriatic 
phenotype can be triggered in human non-Iesional psoriatic skin transplanted 
onto mice with severe combined immunodeficiency (86), which may prove to 
be a valid model to analyse the distorted cytokine responsiveness and 
release of cytokines. Other relevant models include the III integrin transgenic 
mice (76) and the flaky skin mutant mice (87) (see also chapter 1.3), which 
may provide means to study single factors that determine susceptibility to 
develop psoriasis. Definite proof of the pathological role of the IL-l system 
(second part of the hypothesis, see chapter 2) may come from a null mutati­
on of one or several members of the IL-l system in these mice strains. 
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SUMMARY 

Psoriasis is a common skin disease, which has been well-defined for 
nearly two centuries, and is featured by accelerated terminal keratinocyte 
differentiation and leukocyte infiltration. The exact etiology, however, is still 
unknown. This, together with the notion that the majority of psoriatic 
patients is not satisfied with the currently available anti-psoriatic therapies, 
drive fundamental psoriasis research. 

Dysregulated communication between resident skin cells and infiltrating 
leukocytes may initiate and/or mediate psoriasis. The cytokine IL-l is 
considered to be an integral component of the cellular immune basis of 
psoriasis. This is supported by the following: 
i) IL-l may control keratinocyte proliferation and differentiation, as well as 
cutaneous inflammation; ii) transgenic overexpression of IL-l in basal 
keratinocytes induces a psoriasis-like phenotype; and iii) the expression of IL­
l is altered in psoriatic skin. 

Human epidermis contains life-threatening amounts of IL-l. The IL-l 
activity is, therefore, highly regulated, being the net outcome of interacting 
IL-l agonists and antagonists, which together constitute the IL-l system. 
Chapter 1 describes the physiology of the epidermal IL-l system and the 
cutaneous inflammatory response, and provides a detailed overview on the 
cellular immunopathology of psoriasis. 

The primary goal of this thesis was to investigate the expression of 
cytokines and their receptors in psoriatic skin, with special focus on the 
epidermal IL-l system. As initially available data were inconsistent and often 
incomplete, the present thesis aimed at an integrated study approach which 
combined several models and multiple assays. The hypothesis and the study 
design are given in chapter 2. 

The epidermal compartment is dealt with in chapter 3. A thorough 
analysis of the expression of all components of the human IL-l system, 
which have been characterized to date, is described in chapter 3.1 and 
resulted in a defined phenotype of IL-l in psoriatic skin. Semiquantitative 
immunostaining revealed that the expression of IL-lo: was significantly 
decreased in basal keratinocytes of lesional psoriatic epidermis in vivo when 
compared to non-Iesional psoriatic and normal control epidermis. The decrea­
sed IL-lo: expression in situ may be a consequence of the increased release 
of IL-lo: by lesional psoriatic epidermal cells as observed ex vivo (see below). 
IL-l ra and IL-l RII were significantly increased in the suprabasal cell layers 
and basal cell layer, respectively, of lasional psoriatic epidermis, and both 
correlated negatively with IL-lo:. This inverse relation is probably related to 
accelerated terminal keratinocyte differentiation in psoriatic lesions. Further­
more, a positive correlation was observed between IL-l ra and IL-l RII, which 
suggests an effective inhibition of IL-l responsiveness in lesional psoriatic 
epidermis. In situ hybridization results were consistent with immunostainings. 
However, IL-l ra mRNA was not increased in lesional psoriatic epidermis, 
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possibly implying an enhanced post-transcriptional IL-1 ra synthesis in lesional 
psoriatic epidermis. With the use of the more sensitive RT-PCR, a profound 
increase in IL-1 fl mRNA expression in freshly isolated lesional psoriatic 
epidermal cells was observed, which paralleled the mRNA expression of slL-
1ra and IL-1RII. IL-1RI mRNA was clearly present in all epidermal cell sam­
ples. Thus, the expressions of IL-1 and IL-1 receptor isoforms are coordina­
tedly altered in lesional psoriatic epidermis, favoring a local IL-1 antagonist 
sphere of influence. 

Freshly isolated epidermal cells and non-stimulated, short-term primary 
cultures of these cells were introduced as an ex vivo model in chapter 3.2 to 
characterize the actual production of IL-1 and related cytokines by epidermal 
cells. ELISA and bioassay analyses showed that lesional psoriatic epidermal 
cells released significantly increased amounts of IL-1 a, IL-1 fl and IL-6, but 
not TNF-a relative to normal control epidermal cells. Membrane-associated 
IL-1 activity was low and not unique for psoriasis, but cytosolic IL-1 fllevels 
were increased in lesional psoriatic epidermal cells. Depletion experiments for 
intra-epidermal leukocytes pointed towards the resident keratinocyte as the 
cell-type responsible for the observed IL-1 production ex vivo. The produc­
tion of functionally active IL-1 fl by lesional psoriatic epidermal cells, but not 
normal control epidermal cells, is a novel finding which suggests that IL-1 fl 
contributes to the inflammatory response in psoriasis. 

Further studies, presented in chapter 3.3, revealed that the release of IL-1 
was significantly correlated with cell death. The increased IL-1 fl production 
by lesional psoriatic epidermal cells was caused by increased de novo 
synthesis of IL-1 fl and was associated with apoptosis. DNA fragmentation, 
as measured by ELISA and the TUNEL assay, paralleled IL-1fl production in 
epidermal cells ex vivo. In addition, a few psoriatic patients demonstrated IL-
1 fl strongly positive suprabasal areas in situ, which were lined by cells 
positive for both DNA breaks and IL-1 fl. Necrosis, probably secondary to 
apoptosis, facilitated the release of cytosolic (pro-lIL-1 a by lesional psoriatic 
epidermal cells ex vivo. At the moment it is speculated that keratinocyte 
apoptosis, which we found to be increased in psoriasis, contributes to the 
generation of epidermal IL-1 fl. 

In chapter 3.4 the epidermal expression of the IL-4R in psoriasis was 
analyzed, as its ligand may affect the epidermal IL-1 system. The IL-4R 
protein and mRNA both localized to the basal and some suprabasal 
keratinocytes, and their expression was highest in lesional psoriatic epider­
mis, intermediate in non-Iesional psoriatic and lowest in normal control 
epidermis. Moreover, the epidermal IL-4R was functional in that IL-4 exerted 
anti-inflammatory effects on epidermal cells via downregulating the producti­
on of IL-6, and to a lesser extent IL-113. An effective repression of the 
epidermal IL-1 system by IL-4 is furthermore substantiated by the significant 
correlation between the expression of IL-4R and those of the IL-1 antag­
onists. 

Since dermal cell - epidermal cell interactions control epidermal homeosta-

196 



Summary 

sis, a second line of investigation, described in chapter 4, dealt with the 
dermal compartment. Fibroblasts have previously been postulated to play a 
role in the pathology of psoriasis. In chapter 4.1 the cytokine expression by 
lesional psoriatic dermal fibroblasts was analyzed in vitro. It was observed 
that fibroblasts did not produce IL-1 or TNF-a, but were potent producers of 
IL-6 and IL-S. Lesional psoriatic fibroblasts demonstrated an increased 
production of IL-6 and IL-S which was less dependent on growth- and serum 
factors. Moreover, the serum-induced kinetics of IL-6 production was rapid, 
high and persistent, and unique for psoriasis. Unexpectedly, Northern blot 
analyses showed that there was a clear expression of IL-6 mRNA in both 
types of fibroblasts under serum-free conditions, and that calcium and serum 
inhibited the expression of IL-6 mRNA in all lesional psoriatic fibroblast 
cultures investigated, in contrast to normal control fibroblast cultures. Taken 
together, lesional psoriatic fibroblasts demonstrated an altered IL-6 synthesis 
in vitro and this may represent an important source of the locally increased 
IL-6 levels in psoriatic lesions. 

The aberrant regulation of IL-6 synthesis in lesional psoriatic fibroblasts 
may be the result of an altered expression of cytokine receptors, leading to 
auto/paracrine induction of IL-6. The cytokine receptor expression by lesional 
psoriatic fibroblasts was studied in chapter 4.2. Flow cytometry showed that 
fibroblasts only negligibly bound IL-1 a and IL-ll3, but clearly bound IL-4, IL-6 
and TNF-a. Serum upregulated the number of normal control fibroblasts 
which bound TNF-a, and to a lesser extent IL-6. In contrast, this upregula­
tion was significantly lower in lesional psoriatic fibroblasts. In agreement 
with the binding experiments, the immunocytochemical expression of TNFRI 
was clearly decreased in lesional psoriatic fibroblasts. Shedding did not 
explain the decreased TNFR expression. Thus, lesional psoriatic fibroblasts 
coordinatedly expressed decreased TNFR levels and an increased IL-6 
production, which probably reflects the hyperactive state of these cells in 
vivo. 

Studies on the epidermal and dermal compartment are discussed in 
chapter 5. Our current view on IL-1 in the immunopathogenesis of psoriasis 
is that the secretion of IL-1 by psoriatic keratinocytes, as observed ex vivo, 
is more easily triggered by injury and/or products from activated skin T cells 
relative to normal keratinocytes. This is consistent with findings relating to 
an altered cytoktne response and increased IL-1 production by non-Iesional 
psoriatic keratinocytes. A micro-environment dominated by IL-1 agonists and 
related cytokines may initiate the psoriatic phenotype. The inflammatory 
response, epidermal hyperplasia and apoptosis, characteristic of psoriasis, 
are probably responsible for sensitization to (auto)antigen(s). Immunogeneti­
cally determined high-risk HLA binding of antigens may subsequently become 
productive for T cell activation. It is believed that psoriatic lesions are 
maintained by a self-sustaining cycle of predominantly T H 1-type cytokines 
that stimulate epidermal cells, and further epidermal IL-1 potentiation of T 
cells. Resident skin cells such as fibroblasts are in our view also actively 
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involved in the persistence of psoriatic lesions. Finally, downregulatory 
mechanisms of cutaneous inflammation may be deficient in psoriasis. The 
predominant expression of IL-1 antagonists by lesional psoriatic epidermis, 
which points towards a decreased IL-1 responsiveness, possibly reflects a 
negative-feedback response to IL-1 agonists, perhaps in part mediated by IL-
4. Such an impaired IL-1 response may, at least in part, be related to a 
deficient downregulation of the lesional response. Definite proof of the 
pathological relevance of the IL-1 system to psoriasis will most likely be 
provided by recently developed animal models. 
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Psoriasis is een veel voorkomende huidziekte, welke al bijna twee ee.uwen 
goed gekarakteriseerd is, en gekenmerkt wordt door versnelde terminale 
keratinocyt differentiatie en leukocyt infiltratie. De exacte ontstaanswijze is 
echter nog steeds onbekend. Dit, en het feit dat de meerderheid der psoriati­
sche patienten ontevreden is met de op dit moment voorhanden zijnde anti­
psoriatische therapieiin, vormen de belangrijkste drijfveren voor basaal 
psoriasis onderzoek. 

Een ontregelde communicatie tussen residente huidcellen en infiltrerende 
leukocyten leidt mogelijk tot de initiatie en/of het onderhoud van psoriasis. 
Het cytokine IL-1 wordt beschouwd als een integrale component van de 
cellulaire immuunbasis van psoriasis. Dit wordt onderbouwd door de volgen­
de argumenten: i) IL-1 heeft het vermogen om de keratinocytproliferatie en -
differentiatie, evenals het cutane ontstekingsproces te reguleren; Ii) transge­
ne overexpressie van IL-1 in basale keratinocyten induceert een psoriasis­
gelijkend fenotype; en iiil de expressie van IL-1 is veranderd in psoriatische 
huid. 

Humane epidermis bevat levensbedreigende hoeveelheden IL-1. De IL-1 
activiteit is om die reden sterk gereguleerd, en wordt feitelijk bepaald door de 
wisselwerking tussen IL-1 agonisten en antagonisten, welke tezamen het IL-
1 systeem vormen. Hoofdstuk 1 beschrijft de fysiologie van het epiderm ale 
IL-1 systeem en de cutane ontstekingsreaktie, en biedt een gedetailleerd 
overzicht van de cellulaire immunopathologie van psoriasis. 

De belangrijkste doelstelling van deze dissertatie was het bestuderen van 
de expressie van cytokinen en hun receptoren in psoriatische huid, met 
speciale aandacht voor het epidermale IL-1 systeem. Aangezien in eerste 
instantie de beschikbare onderzoeksgegevens tegenstrijdig en vaak incom­
pleet waren, is het werk van dit proefschrift gebaseerd op een ge'lntegreerde 
studie-aanpak gebruikmakend van verschillende modellen en testsystemen. 
De hypothese en studie-opzet zijn beschreven in hoofdstuk 2. 

Het epidermale compartiment wordt behandeld in hoofdstuk 3. Een 
uitvoerige analyse van de expressie van aile componenten van het humane 
IL-1 systeem, welke momenteel gekarakteriseerd zijn, is beschreven in 
hoofdstuk 3.1 en resulteerde in een gedefinieerd fenotype van IL-1 in 
psoriatische huid. Semikwantitatieve immuunkleuring liet zien dat IL-1a 
significant verlaagd tot expressie komt in basale keratinocyten van lesionaal 
psoriatische epidermis in vivo in vergelijking met niet-Iesionaal psoriatische 
en normale controle epidermis. De verlaagde IL-1a expressie in situ is 
mogelijk het gevolg van de verhoogde uitscheiding van IL-1 a door lesionaal 
psoriatische epidermale cellen zoals waargenomen ex vivo (zie benedenl. IL-
1 ra en IL-1 RII waren significant verhoogd in respectievelijk suprabasale en 
basale cellen van lesionaal psoriatische epidermis, en beide bleken negatief 
gecorreleerd te zijn met IL-1 a. Deze inverse relatie is waarschijnlijk impliciet 
aan de versnelde terminale keratinocyt differentiatie in psoriatische lesies. 
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Verder bleek dat IL-1 ra en IL-1 RII onderling positief gecorreleerd waren, 
welke een effectieve inhibitie suggereert van het vermogen van lesionaal 
psoriatische epidermis om op IL-1 te reageren. In situ hybridizatie resultaten 
waren in overeenstemming met de immuunkleuringen. Echter, IL-1 ra mRNA 
was niet verhoogd in lesionaal psoriatische epidermis, indicatief voor een 
verhoogde post-transcriptionele IL-1 ra synthese in lesionaal psoriatische 
epidermis. Het gebruik van de gevoeliger RT-peR liet zien dat de IL-1Jl mRNA 
expressie in vers ge'isoleerde lesionaal psoriatische epiderm ale cellen sterk 
verhoogd was, en gelijk op liep met de mRNA expressie van IL-1ra en IL-1RII. 
IL-1 RI mRNA was duidelijk aanwezig in aile epidermale celmonsters. Dus de 
expressies van IL-1 en IL-1 receptor isovormen zijn op gecoiirdineerde wijze 
veranderd in lesionaal psoriatische epidermis, resulterend in een milieu welk 
lokaal gedomineerd wordt door IL-1 antagonisten. 

Vers ge'fsoleerde epidermale cellen en niet-gestimuleerde, kortdurende 
primaire kweken van deze cellen werden in hoofdstuk 3.2 ge'introduceerd als 
een ex vivo model om zo de feitelijke produktie van IL-1 en gerelateerde 
cytokinen door epidermale cellen te karakteriseren. ELISA en bioassay 
analyses lieten zien dat lesionaal psoriatische epiderm ale cellen significant 
verhoogde hoeveelheden IL-10:, IL-1Jl, IL-6 en TNF-o: uitscheiden in vergelij­
king met normale controle epidermale cellen. De membraan-geassocieerde IL-
1 activiteit was laag en niet uniek voor psoriasis, en de cytosolische IL-1 Jl 
gehalten waren verhoogd in lesionaal psoriatische epiderm ale cellen. Depletie 
experimenten voor intra-epidermale leukocyten gaven aan dat de residente 
keratinocyt waarschijnlijk het verantwoordelijke eel-type is voor de geobser­
veerde IL-1 produktie ex vivo. De produktie van functioneel actief IL-1 Jl door 
lesionaal psoriatische epidermale cellen, maar niet door normale controle 
epidermale cell en, was een nieuwe bevinding welke een rol voor IL-1 Jl 
suggereert in de ontstekingsreaktie in psoriasis. 

Verdere studies, weergegeven in hoofdstuk 3.3, lieten een significante 
correlatie zien tussen de IL-1 produktie en celdood. De verhoogde IL-1Jl 
produktie door lesionaal psoriatische epidermale cellen werd veroorzaakt door 
een verhoogde nieuwvorming van IL-1 Jl en was inherent aan apoptose. DNA 
fragmentatie, gemeten met ELISA en de TUNEL test, liep parallel met de IL-
1 Jl produktie in epidermale cellen ex vivo. Daarnaast werd in enkele psoriati­
sche patienten sterke IL-1 Jl immunoreaktiviteit gevonden in suprabasale 
gebieden in situ, welke begrensd werden door cellen die dubbelpositief waren 
voor DNA fragmenten en IL-1 Jl. Necrose, waarschijnlijk secundair aan 
apoptose, vergemakkelijkte de uitscheiding van cytosolisch (pro-lIL-10: door 
lesionaal psoriatische epidermale cellen ex vivo. Wij veronderstellen dat 
keratinocyt apoptose, welke in verhoogde mate werd aangetoond in psoria­
sis, bijdraagt aan de vorming van epidermaal IL-1 Jl. 

In hoofdstuk 3.4 werd de epidermale expressie van de IL-4R in psoriasis 
geanalyseerd, aangezien de ligand mogelijk het epiderm ale IL-1 systeem 
be·invloedt. IL-4R eiwit en mRNA waren beide gelokaliseerd in basale en 
enkele suprabasale keratinocyten, en hun expressie was het hoogst in 
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lesionaal psoriatische epidermis, intermediair in niet-Iesionaal psoriatische 
epidermis en het laagst in normale controle epidermis. Bovendien bleek de 
epidermale IL-4R functioneel, aangezien IL-4 anti·ontstekings effecten 
uitoefende op epidermale cellen via remming van de produktie van IL-6, en in 
mindere mate IL-1 p. Een effectieve repressie van het epiderm ale IL-1 sys­
teem door IL·4 wordt verder onderbouwd door de significante correlatie 
gevonden tussen de expressie van IL-4R en die van de IL-1 antagonisten. 

Aangezien epidermale homeostase gereguleerd wordt door dermale eel -
epidermale eel interacties, richtte een tweede onderzoekslijn, lOals beschre­
ven in hoofdstuk 4, zich op het dermale compartiment. Fibroblasten werden 
al eerder gepostuleerd in de pathologie van psoriasis. In hoofdstuk 4.1 is de 
cytokine expressie van lesionaal psoriatische dermale fibroblasten in vitro 
geanalyseerd. Fibroblasten produceerden gaen IL-1 of TNF-a, maar waren 
wei krachtige producenten van IL-6 en.IL-8. Lesionaal psoriatische fibroblas­
ten toonden een verhoogde produktie van IL-6 en IL-8, welke minder afhan­
kelijk was van groei- en serumfactoren. Verder was de serum-ge'lnduceerde 
kinetiek van de IL-6 produktie snel, hoog en persistent, en uniek voor 
psoriasis. Northern analyses toonden echter aan dat beide typen fibroblasten 
een duidelijke IL-6 mRNA expressie hadden onder serum,vrije kweekcondi­
ties, en dat calcium en serum de IL-6 mRNA expressie remden in aile be stu­
deerde lesionaal psoriatische fibroblastkweken, in tegenstelling tot normale 
controle fibroblastkweken. In z'n totaliteit toonden lesionaal psoriatische 
fibroblasten een verstoorde IL-6 synthese in vitro en vormen zij waarschijnlijk 
een belangrijke bron voor het lokaal verhoogde IL-6 in psoriatische lesies. 

De afwijkende regulatie van de IL-6 synthese in lesionaal psoriatische 
fibroblasten is mogelijk het gevolg van een veranderde expressie van cytoki­
nereceptoren, resulterend in auto/parakriene inductie van IL-6. De cytokinere­
ceptor expressie van lesionaal psoriatische fibroblasten wordt beschreven in 
hoofdstuk 4.2. Flow cytometrie liet zien dat fibroblasten nauwelijks IL-1 a en 
IL-1 p bonden, maar duidelijk IL-4, IL-6 en TNF-a kOl)den binden. Serum 
verhoogde het aantal normale controle fibroblasten welke TNF-a bonden, en 
in mindere mate IL-6. Deze opregulatie was echter significant minder in 
lesionaal psoriatische fibroblasten. In overeenstemming met de bindingsex­
perimenten was de duidelijke afname in de immunocytochemische expressie 
van TNFRI in lesionaal psoriatische fibroblasten. Shedding kon de verlaagde 
TNFR expressie niet verklaren. Dus lesionaal psoriatische fibroblasten 
toonden lOwel een verlaagde TNFR expressie als een verhoogde IL-6 produk­
tie, welke waarschijnlijk de hyperactieve status van deze cellen in vivo 
weerspiegelen. 

Studies van het epidermale en dermale compartiment worden bediscus­
sieerd in hoofdstuk 5. In onze huidige visie over IL-1 in de immunopathoge­
nese van psoriasis wordt er van uitgegaan dat de secretie van IL-1 door 
psoriatische keratinocyten, lOals gevonden ex vivo, gemakkelijker wordt 
teweeggebracht door verwonding en/of produkten van geactiveerde T cellen 
in de huid in vergelijking met normale keratinocyten. Dit is in overeenstem-
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ming met bevindingen over een veranderde reaktie op cytokinen en een 
verhoogde IL-1 produktie van niet-Iesionaal psoriatische keratinocyten. Een 
micro-milieu gedomineerd door IL-1 agonisten en gerelateerde cytokinen 
initieert mogelijk het psoriatische fenotype. De ontstekingsreaktie, de 
epiderm ale hyperplasie en de apoptose, karakteristiek voor psoriasis, zijn 
waarschijnlijk verantwoordelijk voor sensitizatie tegen (auto)antige(e)n(en). 
Immunogenetisch bepaalde risicovolle HLA binding van antigenen kan 
vervolgens tot een produktieve T cel aktivatie leiden. Gedacht wordt dat 
psoriatische lesies onderhouden worden door een zichzelf stimulerende 
cyclus van hoofdzakelijk T H 1-type cytokinen welke epiderm ale cellen stimule­
ren, en verdere T cel potentiering door epidermaal IL-1. Residente huidcellen 
zoals fibroblasten zijn volgens onze kijk ook actief betrokken in de persisten­
tie van psoriatische lesies. Tenslotte kunnen ook mechanismen welke de 
cutane ontsteking dempen deficient zijn in psoriasis. De overheersende 
expressie van IL-1 antagonisten door lesionaal psoriatische epidermis, welke 
een verminderde IL-1 response suggereert, is mogelijk het resultaat van een 
negatieve terugkoppelingsreaktie tegen IL-1 agonisten, wellicht deels geme­
dieerd door IL-4. Een dergelijke verminderde IL-1 response is, op z'n minst 
deels, gerelateerd aan een deficiente terugkoppeling van de lesionale respon­
se. Het definitieve bewijs voor de pathologische rol van het IL-1 systeem in 
psoriasis wordt waarschijnlijk in de nabije toekomst geleverd door recent 
ontwikkelde proefdiermodellen. 
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AEC 3-amino-9-ethylcarbazole MCP monocyte chemotactic 
APC antigen presenting cell protein 
BCl B cell lymphoma M-CSF macrophage-colony stimu-
bp base pairs lating factor 
CANP calcium-activated neutral MHC major histocompatibility 

protease calpain complex 
CD cluster of differentiation M, relative molecular mass 
c-fos SRE c-fos serum-responsive MTT 3,(4,6-dlmethylthlazol-2-

element homology yI)2,5-diphenyltetrazolium 
CHX cycloheximide bromide 
ClA cutaneous Iymphocyte- NF nuclear factor 

associated antigen NGF nerve growth factor 
CNTF ciliary neurotrophic factor NN normal control 
CSF colony stimulating factor DD optical density 
CT cardiotrophin DM oncostatin M 
dNTP deoxynucleotide triphos- PASI psoriasis area and severity 

phate index 
EC epidermal cells PBMC peripheral blood mononu-
EGF epidermal growth factor clear cells 
EliSA enzyme-linked immunosor- PCR polymerase chain reaction 

bent assay PDGF platelet-derived growth 
FCS fetal calf serum factor 
FGF fibroblast growth factor PHA phytohemagglutinin 
GAPDH glyceraldehyde-3-phospha- PMA phorbol myristate acetate 

ta dehydrogenase PN non-Ieslonal psoriasis 
G-CSF granulocyte-colony stimu- PP lesional psoriasis 

lating factor R receptor 
GM-CSF granulocyte macrophage- RI receptor type I 

colony stimulating factor RII receptor type " 
HlA human leukocyte antigen " Spearman's rank correla-
HS human serum tion coefficient 
ICAM intercellular adhesion mole- RT room temperature 

cule RT-PCR reverse transcriptase -
ICE interleukin-l p converting polymerase chain reaction 

enzyme SCF stem cell factor 
IclL-lra intracellular Interleukin-l SDS sodium dodecyl sulphate 

receptor antagonist s1L-1 ra secreted interleukin-l 
IE gene immediate early response receptor antagonist 

gene sR soluble receptor 
IFN interferon SSC standard sodium citrate 
IGF insulin-like growth factor STAT signal transducing and 
Il interleukin activator of transcription 
Il-1 ra interleukin-1 receptor anta- factors 

gonist TCR T cell receptor 
ISH in situ hybridization TGF transforming growth factor 
JAK kinase Janus kinase TH1 T helper cell type 1 
KBM keratinocyte basal medium TH2 T helper cell type 2 
KGF keratinocyte growth factor TNF tumor necrosis factor 
KGM keratinocyte growth me- TUNEl terminal deoxynucleotidyl 

dium tra nsfer ase-me d iated 
lDH lactate dehydrogenase deoxyuridine triphosphate 
lFA leukocyte function-associa- nick end labeling 

ted antigen VCAM vascular cell adhesion 
LlF leukemia inhibitory factor molecule 
lPS lipopolysaccharide VEGF vascular endothelial 
Magn magnification growth factor 
MAP kinase mitogen activated protein V gene variable gene region 

kinase VlA very late activation antigen 
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Annex 

COLOR PLATES 



Color plates 

Figures 1 to 3 of chapter 3.1. 
Figures 4 and 7 of chapter 3.3. 
Figures 1 and 2 of chapter 3.4. 
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Figure 1 of chapter 3. 1. IL-1a immunoreactivity in psoriatic skin. Immunostaining of PP 
(Fig 0), PN (C) and NN skin sections (A and B) with 1C12.1 antibody (anti-IL·la antibody) (A. C 
and 0). Mouse IgG 1 control antibody showed no reactivity (B), Magn 250 X (A-C) and 160 X 
(D) . 



Figure 2 of chapter 3.1. IL-1rB and IL-1RII immunoreactivities in psoriatic skin. 1m munos­
taining of PP (Figs A and 0), PN (B and EJ and NN skin sections (e and F) with M5 (anti-IL-' ra 
antibody: A-C) and M2 antibody lanti-IL-1RII antibody: O-F) . The immunostainings of IL-1ra and 
IL-' All correspond to the same psoriatic patient (Table IV (no. 3) of chapter 3 .1). Note that the 
IL-' All staining of the PN skin section IE) shows some background just below the stratum cor­
neum, and that the dark brown color in the stratum bas ale of the NN skin section stained for IL­
l All IF) represents melanin. Magn 160 X IA and 0 ) and 250 X IB, C, E and Fl . 
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Figure 3 of chapter 3.1. In situ expression of IL·1 ra and Il-1AII mRNA in psoriatic skin. 
ISH of Il-' RII mRNA IFigs A-D) and Il-' ra IE) in PP lA, S, E and F). PN IC) and NN skin ID) with 
dig oxigen in-labeled antisense RNA probes (A, C-FJ. The IL-1 RII sense probe gave no hybridizati­
on result (8), similar to the hybridization with other sense probes, RNAse treatment prior to 
hybridization or omission of the probe (not shown). Positive hybridization was observed with the 
antisense GAPDH probe (F). The presented immunostainings and ISH findings in Figures 2 and 3 
of chapter 3.1 correspond to the same psoriatic patient. Magn 160 X (A, 8, E and F) and 250 X 
IC and D), 



Figure 4 of chapter 3.3. DNA fragmentation by PP EC is not due to intra-epidermal 
leukocytes. Freshly isolated PP EC were double stained for CD45 (201 antibody, using peroxi­
dase-AEC: red color) and DNA termini (TUNEL, using alkaline phosphatase-Fast Blue BB Base: 
blue color). Results of a representative patient is shown (n = 3). Magn 630 X. 
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Figure 7 of chapter 3.3. Epidermal IL-1,6 immunoreactivity co-localizes with TUNEL 
staining. Sections of PP skin were double stained for IL-l p (Vhp20 antibody, using peroxidase­
AEC: red color) and DNA termini (TUNEl, using alkaline phosphatase-Fast Blue BS Base: blue 
color). Note that only few psoriatic patients expressed a clear epidermal lL-lp immunoreactivity 
(2 out of 15), of which one is presented . See discussion of chapter 3.3 for details. Magn 110 X 
{Fig AI and 570 X {SI. 



Figure 1 of chapter 3.4. Il-4R immunoreactivity in psoriatic skin. Immunohistochemical 
staining of PP (Figs A and Bl. PN (C) and NN skin (D) with MRS antibody (anti-ll-4R antibody: A, 
C and 0) . Mouse IgG 1 control showed no reactivity (B). Magn 160 X (A and B) and 250 X (C 
and D). 



Figure 2 of chapter 3 .4. In situ hybridization of IL-4R mRNA in psoriatic skin. ISH of IL-4R 
mRNA in PP (Figs A, B and E) , PN (C) and NN skin (O) with the dig oxigen in-labeled IL-4R 
antisense RNA probe (A, C and 0) . The IL-4R sense probe gave no hybridization signal (8) , 
similar to RNAse treatment prior to hybr idization or omitting the probe (not shown) , A positive 
hybridization signal w as observed with the GAPDH antisense probe (E). The presented ISH 
findings and the immunostainings as presented in Figure 1 of chapter 3.4 correspond to the 
same patient and control. Note that the dark-brow n color present in the stratum basale, 
especially perceptible in the PN skin (C), is melanin, w hich should not be confused w ith the blue­
purple staining of ISH. Magn 160 X (A, 8 and E) and 250 X (C and 0). 
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