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LIST OF ABBREVIATIONS:

AA: Arachidonic acid

ACD: Allergic contact dermatitis

ANAP: Anionic neutrophil activating peptide

APAAP: Alkaline phosphatase anti-alkaline phospha-
tase

cDNA: Complementary DNA

ELCE: Epidermal lymphocyte chemotactic factor

ELAM-I1: Endothelial leukocyte adhesion molecule-1

ETAF: Epidermal thymocyte activating factor

FCS: Fetal calf serum

fMLP: F-Met-Leu-Phe

GAPDH: Glyceraldehyde-3-phosphate-dehydrogenase

GM-CSF:  Granulocyte macrophage-colony stimulating
factor

GTC: Guanidinium thiocyanate

HETE: Hydroxy-eicosatetraenoic acid

ICAM-1: Intercellular adhesion molecule-1

[FNy: Interferon y

IL: Interleukin

[L-1ra: Interleukin 1 receptor antagonist

IL-IR1: Type 1 interleukin | receptor

IL-1IR2: Type 2 interleukin 1 receptor

gIP 10: IFNg inducible protein 10

IRAP: Interleukin 1 receptor antagonist protein

kb: Kilobase

kDa: Kilodalton

LECAM-1:  Lectin adhesion molecule-I

LO: Lipoxygenase

LPS: Lipopolysaccharide

LT Leukotriene

Mac-1: Granulocyte adhesion molecule-1

MCAF: Monocyte chemotactic and activating factor

MCP-1: Monocyte chemotactic protein 1

MDNCF:  Monocyte derived neutrophil chemotactic factor

MGSA: Melanoma growth stimulatory activity

MIP: Macrophage derived inflammatory protein

mRNA: Messenger RNA

NAP; Neutrophil activating peptide

NGS: Normal goat serum

p35 TNF-R: The 55 kD tumour necrosis factor receptor

p75 TNF-R: The 75 kD tumour necrosis factor receptor

PBMC: Peripheral blood mononuclear cells

PCR: Polymerase chain reaction

PF4: Platelet factor 4

PGE-: Prostaglandin E,

PHA: Phytohemagglutinin

PMN: Polymorphonuclear granulocytes

PPD: Purified protein derivative

rh: Recombinant human

RIA: Radioimmunoassay

B-TG: 3-tromboglobulin

TBS: Tris buffered saline

TGFB: Transforming growth factor

TNFa: Tumour necrosis factor «

VCAM-I: Vascular cell adhesion molecule-1

VDR: Vitamin Dj receptor
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1. INTRODUCTION.

Cytokines are hormone-like polypeptides produced by a vari-
ety of cell types. This large group of related factors can be di-
vided into several classes according to their biological activity
as follows: interleukins, haematopoietic colony-stimulating
factors, interferons, growth factors, and inhibitory factors.
Cytokines seem to play an important role in the normal
homeostasis of the body. Dysregulation of one or several of
these mediators are believed to be involved in the develop-
ment and/or maintenance of disease, especially in disorders
characterized by chronic inflammation.

The purpose of the studies on which this thesis is based
was to elucidate the regulation of the chemotactic cytokines
interleukin 8 (IL-8) and monocyte chemotactic and activat-
ing factor (MCAF) in relation to inflammatory skin disease.
1L-8 and MCAF which belong to the inflammatory peptide
supergene family are involved in the recruitment and activa-
tion of cells from the blood into the skin. This can take place
as part of the normal barrier function of the skin, but is be-
lieved to play a special role in inflammatory skin diseases
such as allergic contact dermatitis and psoriasis.

A method for RNA extraction from epidermal suction
blisters was established in order to investigate the expression
of epidermal cytokines in vivo during the development of in-
flammatory skin diseases (I). As we were unable to detect spe-
cific messenger RNA for IL-lz and IL-8 in the epidermal
suction blisters, we developed a technique that enabled us to
quantitatively compare the amount of a specific messenger
RNA in different cell types (II). By this method it was demon-
strated that the keratinocyte, which is the major cell type in
the epidermis, produces very low amounts of both TL-8 and
monocyte chemotactic and activating factor (MCAF) in vitro
when compared to other cell types in the skin (I1,VII).

Interleukin 1 (IL-1) and tumor necrosis factor o (TNFa)
are some of the main endogenous inducers of IL-8 and
MCAF in many different cells. We therefore investigated the
distribution of 1L-1&, TN Fo, their receptors, and the interleu-
kin | antagonist protein (IRAP) in normal skin and compared
their localization with the distribution in psoriasis (IV,V) in
order to further illuminate the regulation of IL-8 and MCAF
expression. By immunohistochemical techniques we found
that the type 1 IL-1 receptor and the 55 kD TNF receptor are
widely distributed in the skin together with expression of IL-
loe and TNFo making both autocrine and paracrine stimula-
tion of skin cells likely in order to express other cytokines such
as IL-8 and MCAF. We additionally observed a down-regula-
tion of IRAP in involved psoriatic skin indicating a possible
role for this antagonist in the pathogenesis of psoriasis.

In the attempt to develop new drugs with a specific activity,
low toxicity and few side-effects for the treatment of dermato-
logical disorders, we investigated the effects of active vitamin
D; (calcitriol) and the synthetic leukotriene inhibitor ETH615
on IL-8 expression in different cell types in vitro. We observed
that calcitriol, which has proven useful in the treatment of
psoriasis, is able to suppress IL-8 mRNA synthesis and pro-
tein release from keratinocytes, dermal fibroblasts, and per-
ipheral blood mononuclear cells (PBMC) (III). Further, it
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was observed that ETH6I5, which has a local anti-inflamma-
tory effect on zymosan-induced dermatitis in dogs, can inhi-
bit both the expression and biological effect of IL-8 (VI).

These results from in vitre and in vivo studies indicate that
expression of cytokines in a given organ will contribute to re-
cruitment of inflammatory cells in disease.

2. RNA EXTRACTION FROM EPIDERMAL
SUCTION BLISTERS.

2.1 Introduction.

Many inflammatory skin diseases are characterized by ele-
vated concentrations of different cytokines in the epidermis.
In order to understand the pathogenesis of these diseases it
is important to establish whether the cytokines are produced
locally or imported into the epidermis from the underlying
tissues, either by simple diffusion or with infiltrating cells.
Many investigations have measured specific cytokine mes-
senger RNA (mRNA) in punch or shave biopsies from the
skin, but these techniques do, however, not allow a clear dis-
tinction between cytokines produced in the epidermis or the
dermis. Similarly, it is possible by immunohistochemical
techniques to determine the in situ presence of cytokines,
but this does not necessarily prove that the proteins are actu-
ally produced or released by the epidermal cells.

The presence of specific mRNA for a certain cytokine re-
veals an active and ongoing process in the production of the
mediator, although this may not always lead to secretion of
the protein (Schall et al. 1992). We therefore felt a need for a
method that enabled us to extract total RNA from epidermal
tissue only, isolated with the smallest trauma possible. The
epidermal suction blister technique, which was first intro-
duced by Kiistala and Mustakallio in 1964, satisfies these de-
mands. The method separates the epidermis from the dermis
at the dermo-epidermal junction, and the cells in the blister
roof maintain a normal ultrastructural appearance (Kiisala
and Mustakallio, 1967) and viability (Ingemansson-Nord-
Quist et al. 1967). Further, this method is quite non-traumatic
to the patient and it avoids the use of chemical substances,
which may alter the expression levels of the mediators in ques-
tion (Longley J et al. 1991).

It has previously been shown that a homogenate of epider-
mal suction blisters contains increased amounts of interleu-
kin 1 (IL-1) and ELCF (epidermal lymphocyte chemotactic
factor) activity if taken from an area where a cell-mediated
immune response takes place (Larsen et al.I988 A, Larsen et
al. 1988 B, Ternowitz and Thestrup-Pedersen 1986). The anio-
nic neutrophil-activating peptide (ANAP) which was first iso-
lated from psoriatic scales (Schréder and Christophers, 1986)
has later been shown to be identical with the neutrophil and
lymphocyte chemotactic factor IL-8, We therefore found it of
interest to investigate the role of epidermal keratinocytes in
the expression of IL-1 and IL-8 mRNA.

The preparation of RNA from epidermal suction blisters
involves extraction from very small amounts of tissue, which
in addition are very resilient and therefore difficult to homo-
genize. A modification of the method for RNA extraction
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first described by Chomzynski and Sacchi in 1987 was found
useful for this purpose.

2.2 RNA purification and Northern blotting.

Homogenization.We used suction cups with seven 5 mm holes
which produced suction blisters with a total epidermal size of
1.4 cm? for each experiment. The blisters were immediately
placed in guanidinium thiocyanate (GTC) buffer and frozen
in liquid nitrogen. The samples were homogenized in a poly-
tron while still partially frozen in order to liberate RNA into
the protection buffer. The homogenate was cooled on ice be-
tween homogenization runs, and the polytron was rinsed
with additional GTC buffer in order to save pieces of blisters,
which could be stuck in the dispersing tool. We found that the
homogenization step in the RNA purification procedure is
very important as it liberates the RNA from the cells into
the GTC buffer and that the use of a polytron is superior to
grinding. Further, it is very important to homogenize the tis-
sue when only partially thawed to avoid RNA degradation.

RNA purification and total RNA yield. Total RNA was ex-
tracted as described (I). Briefly, RNA in GTC was separated
from protein and DNA in a mixture of sodium acetate,
chloroform-isoamylalcohol and acid phenol followed by two
precipitations with isopropanol and three washes in ethanol.
The pellet was air-dried and redissolved in R Nase-free water.
In 13 experiments we obtained from 12 to 38 ug RNA with
an average of 22 ug. The 260/280 nm UV light absorption ra-
tio was 1.8 which indicates a high degree of RNA purity (I).

Northern blotting and hybridization. The RNA integrity was
confirmed by gel electrophoresis, and the samples trans-
ferred to nylon membranes as described (I). Northern blots
were prepared of RNA taken at different timepoints from 1
hour up to 24 hours after tuberculin injection or application
of patch tests on individuals who had previously shown posi-
tive reactions. We also isolated RNA from normal skin suc-
tion blisters. Radioactive probes were labelled by random
priming (Feinberg and Vogelstein, 1983) and hybridization
carried out overnight. We used cDNA probes for IL-1o, IL-8,
and glyceraldehyde-3-phosphate-dehydrogenase (GAPDH),
which is a household enzyme present in low amounts in all
types of cells (Piechazyk et al. 1985).

A faint, but destinct hybridization signal was observed for
GAPDH in all the samples tested. We therefore conclude that
this method is useful for obtaining RNA from pure epidermal
tissue of sufficient quality and quantity for Northern blot ana-
lysis.

By contrast no hybridization signal for IL-1 or IL-8 was ob-
served. There may be several explanations to these findings:

1. The levels of IL-1 and IL-8 mRNA were below the detec-
tion limit of the assay. This is a likely explanation as cyto-
kines are biologically active in concentrations down to 107
M (Larsen CG. personal communication).

2. Resent studies have shown that, by use of the polymerase

chain (PCR) reaction, it is not possible to detect 1L-8
mRNA transcripts in normal human epidermis from
healthy volunteers. However, IL-8 mRNA can in some
cases be found in normal looking skin from patients suffer-
ing from different dermatological disorders (Paludan and
Thestrup-Pedersen, 1992). In addition Gillitzer and cowor-
kers (1991) were unable to detect IL-8 mRNA in normal
epidermis by in situ hybridization.

3. The timepoints for suction blister formation after applica-
tion of antigen could be non-optimal. Time course studies
on cultured keratinocytes (II) have ,however, revealed that
IL-8 mRNA is induced and downregulated within 8-10
hours after lipopolysaccaride (LPS) or IL-1 stimulation in
vitro.

4. The cytokines may be produced by other cell types present
in the skin or imported from underlying tissues.

These results led to the development of a quantitative method
which enabled us to compare the amount of specific mRNA
of a given mediator in different cell types.

3. AQUANTITATIVE METHOD FOR STUDIES OF SPE-
CIFIC CYTOKINE mRNA SPECIES.

3.1 Anintroduction to IL-8.

3.1.1. Biochemical properties and molecular aspects of IL-8. In
1987 a neutrophil chemotactic factor was purified to homoge-
neity from the supernatants of LPS stimulated human periph-
eral blood mononuclear cells (PBMC) (Yoshimura et al.
1987 A, 1987B,Walz et al. 1987), and the following year cDNA
for this factor was cloned and the complete amino acid se-
quence determined (Matsushima et al.1988). The factor was
at that time named monocyte derived neutrophil chemotac-
tic factor (MDNCF), but later renamed IL-8/neutrophil acti-
vating peptide-1 (NAP-1) (Larsen et al. 1989C). It was shown
to be identical with a basic protein secreted from PBMC also
purified by other groups (Peveri et al. 1988, Schroder at al.
1987,Van Damme et al. 1988). Molecular cloning of the geno-
mic DNA of IL-8 revealed a gene which consists of 4 exons
and 3 introns with a single “CAT”- and “TATA"-like structure
(Mukaida et al. 1989). The 1.6 kb (kilobase) cDNA sequence
encodes for a 99 aminoacid precursor of IL-8 including a sig-
nal peptide (Matsushima et al. 1988), and recognizes a 1.8 kb
mRNA on Northern blots. The gene encoding for IL-8 is situ-
ated on the long arm of chromosome 4 (Modi et al.1990).

The mature form of IL-8 consists of 72 amino acids withan
isoelectric point between 8 and 8.5. It contains 14 basic amino
acids and four cysteine residues, where the first two are sepa-
rated by one single amino acid. No N-glycosylation sites have
been found. The estimated molecular weight is 8 kDa (Mat-
sushima and Oppenheim 1989).

IL-8 belongs to a family of basic proteins including platelet
factor 4 (PF4) and macrophage derived inflammatory pro-
tein-2 (MIP-2), which are also both chemotactic for neutro-
phils, interferon gamma (IFNy) inducible protein 10 (yIP 10),
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B-thromboglobulin (8-TG), and GRO/melanoma growth sti-
mulating factor (MGSA).

Other forms of IL-8 have been described due to differences
in the NH, terminus. Human vascular endothelial cells pro-
duce mainlya 77 amino acid form (Gimbrone et al. 1989), and
the predominant IL-§ form found in psoriatic scales consists
of 69 amino acids (Schroder et al. 1992). In addition, a 79 ami-
no acid form has been described (Yoshimura et al. 1989,
Schroder et al. 1990). Shortly after the initial characterization
of IL-8, recombinant material cloned in Escherichia coli be-
came available (Lindley et al. 1988, Furuta et al. 1989). It was
shown that recombinant IL-8 had the same biological proper-
ties as the natural form and this has lead to a very thorough
investigation of the actions of IL-8 both in vive and in vitro.

3.1.2. Biological actions of IL-8.

Neutrophils. The best known action of IL-8 is probably the
neutrophil chemotactic activity in vitro which was originally
described by several different groups (Yoshimura et al. 1987
B, Schroder et al. 1987, van Damme et al. 1988). This effect
has now been confirmed in vivo in humans (Swensson et al.
1991, Leonard et al. 1991), where intracutaneous injection of
IL-8 resulted in infiltration with polymorphonuclear leuko-
cytes (PMN), which were present within I hour and increased
up to 5 hours. No macroscopic changes were observed. Other
aspects of neutrophil activation by IL-8 include induction of
exocytosis from cytochalasin B treated neutrophils, the for-
mation of superoxide anion and hydrogenperoxide (Peveri et
al. 1988, Djeuet al. 1990, Schroder et al. 1987, Thelen et al. 1988),
and a rise in cytosolic free Ca®* (Thelen et al. 1988, Peveri et
al.1988) together with neutrophilic shape change (Thelen et
al. 1988). Further, IL-8 is able to enhance PMN-mediated
anti-candida activity (Djeu et al. 1990).

An enhanced expression of the complement receptor type
1 (CR1) (Paccaud et al. 1990, Detmers et al. 1991), the granulo-
cyte adhesion molecule Mac-1 (CDI11b/CDIS8 )(Farina et al.
1989, Detmers et al. 1990) as well as CD11c/CDI8 (Detmers
et al 1990) on the surface of neutrophils has been observed in
the presence of IL-8. These actions may promote leukocyte
adhesion in vive that could lead to recruitment of PMN to
sites of tissue inflammation. A recent study has revealed that
neutrophils are also able to synthesize IL-8 mRNA and pro-
duce IL-8 protein after stimulation with other cytokines
(Strieter et al. 1992). This response may be important for the
elicitation of additional neutrophils or to maintain the im-
mune response at sites of inflammation.

Other neutrophil activating factors like FMLP and C5a are
able to activate the neutrophil arachidonate-5 lipoxygenase
with the release of leukotriene B, (LTBy) from neutrophils, in
the presence of arachidonic acid. As both LTB,-like material
and IL-8 have been found in elevated amounts in psoriasis
(Brain et al. 1984, Schroder et al 1989), and probably are in-
volved in the pathogenesis of this disease, Schroder tested
the hypothesis that IL-8 could act in a similar way. He found
that IL-8 was indeed able to activate PMN to release LTB,
and 5-hydroxy-eicosatetraenoic acid (5S-HETE) in the pre-
sence of exogenous arachidonic acid (Schroder 1989), and

Acta Derm Venereol (Stockh) 74

A quantitative method for studies of specific cytokine mRNA species 9

these studies have been extended by Fogh and coworkers
(1990), who additionally showed that IL-8 was able to induce
formation of 15-HETE via this pathway.

Basophils. Quite complex mechanisms are involved in the ac-
tions of IL-8 on basophils. IL-8 has been shown to be chemo-
tactic to basophils in vitro (Leonard et al. 1990). This action
was not confirmed in vivo, when IL-8 was injected intrader-
mally in humans (Leonard et al. 1991). The difference, how-
ever, is probably due to the fact that lower concentrations of
IL-8 were used for the in vive studies. High doses of IL-8 can
induce histamin release from unprimed human basophils
(White et al. 1989), while an agonistic action of lower doses
of IL-8 require priming of the basophils with IL-3, [L-5 orgran-
ulocyte/macrophage colony stimulating factor (GM-CSF)
(Bischoffet al. 1990, Dahinden et al. 1989). By contrast, preincu-
bation of basophils with IL-8 produces an inhibition of hista-
min release induced by different factors (Kuna et al. 1991).

Keratinocytes. IL-8 can act as a mitogen for keratinocytes in
culture (Reusch et al. 1990, Tuschil et al. 1992), and these obser-
vations indicate that IL-8, apart from beeing pro-inflamma-
tory, also has proliferative effects on keratinocytes. This
feature may be of importance in diseases like psoriasis which
are characterized by hyperproliferation of the epidermis.

Endothelial cells. The published data concerning biological
actions of IL-8 on endothelium are closely linked to its ac-
tions on neutrophils. Several groups have reported that both
exogenous IL-8 and IL-8 produced by cytokine or LPS stimu-
lated endothelial cells induce an enhanced binding of neutro-
phils to endothelial monolayers and subendothelial matrix
proteins via an induction of B2 integrins and lectin adhesion
molecule-1 (LECAM-1) on neutrophils (Carveth et al. 1989,
Detmers et al. 1990, Huber et al. 1991). In a rat sponge model
it has also been shown that IL-8 accelerates the sponge in-
duced angiogenesis (Ahuja et al. 1992). Further, by the use of
different vessel wall constructs in vitre it has been demon-
strated that IL-8 promotes neutrophil transvenular migra-
tion and increases vascular permeability (Smith et al. 1991,
Huber et al. 1991). Pre-incubation of neutrophils with TL-8 re-
duces their chemotactic transmigration response to an IL-8
gradient demonstrating desensitization and thereby IL-8 de-
pendability of the response (Smith et al. 1993). Data published
by another research group (Gimbrone et al. 1989, Hébert et al.
1990) contradict these results. However, in the model used by
the latter, endothelial cell monolayers not only secrete 1L-8
into the medium, but also deposit the molecule into the sub-
endothelial matrix. Therefore, the apparent inhibitory effect
on transendothelial migration, exerted under these condi-
tions, may be caused by a collapse of the endogenous chemo-
tactic gradient, which is necessary for the action of all
chemoattractants.

As we have found that endothelial cells are one of the main
producers of IL-8 (II), we believe that the endothelial cells
play an important and central role in the recruitment of cells
from the bloodstream and into the tissue during the develop-
ment and maintainence of an inflammatory skin disease.
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T-lymphocytes. Larsen and coworkers (1989 C) were the first
1o demonstrate that IL-8 can induce human T-lymphocyte
chemotaxis. This observation has been confirmed by others
{Bacon et al. 1989, Leonard et al. 1990). Only 13-15 % of an un-
activated T-cell enriched cell suspension actually migrate
(Zachariae et al. 1992), but this fraction of cells does not differ
in composition from the input cell population. This observa-
tion has been confirmed in vivo, where intradermal injection
into rat ears of low doses (0.001 pg/ml) of IL-8 resulted in lym-
phocyte accumulation in the tissue. However, this effect has
not been shown in vive in humans, where only neutrophil ac-
cumulation in the skin occured after intradermal injection of
1L-8 (Leonard et al. 1991, Swensson et al 1991). The difference
in reactivity in rats and humans could be due to the fact that
about 75% of all circulating leukocytes in the rat are lympho-
cytes. It could also be speculated that stimulation of the T-cells
would activate a larger percentage of the cells to migrate, but
it has been demonstrated that pre-stimulation with PHA ac-
tually abolishes the chemotactic response (Larsen CG., per-
sonal communication).

B-lymphocytes. In 1992, Kimata and coworkers demonstrated
that IL-8 can inhibit IL-4 induced IgE and IgG4 production
in human B cells. The IgM, IgA and IgGI-3 production was
not affected.

Monocytes. Very few data have been published concerning ac-
tions of IL-8 on human monocytes. In 1991, however, Brown
and coworkers described that rh (recombinant human) [L-8
augments the adherence of monocytes to cultured endothe-
lium. The induced attachment corresponded to an enhanced
expression of the adhesion molecules CDlla, CDl1b, and
CDI8. These activities could be important for the recruit-
ment of circulating monocytes into inflammatory lesions.

313 IL-8 receptors. In order to induce its actions, IL-8 binds
to specific cell surface receptors. Based on radiolabelling stu-
dies Samanta and coworkers (1989) estimated the receptor
number on peripheral blood neutrophils to be approximately
20,000 high affinity binding sites per cell. They also found that
IL-8 can down-regulate its own receptor more than 90% with-
in 10 min at 37 °C and reappear on the cell surface 10 min after
removal of free ligand. The reappearance is due to recycling of
the receptors (Samanta et al. 1990). Using flow-cytometry an-
other group have found approximately 7000 IL-8 receptors
per cell on neutrophils (Leonard et al. 1990). By contrast the
number of IL-8 receptors on resting T-lymphocytes is calcu-
lated to be only 300 per cell (Matsushima and Oppenheim
1991). Using binding and competition studies Krieger and
coworkers (1992) found that normal human basophils have
approximately 9600 specific IL-8 receptors per cell. Red
blood cells also possess binding sites for IL-8 (Darbonne et
al 1991). This is quite surprising, but as binding of IL-8 to this
cell type inactivates the molecule and act as a sink it has been
postulated that the binding may limit the stimulation of leu-
kocytes by IL-8 released into the blood, and thereby prevent
potentially harmful reactions.

In 1991 the cDNA cloning of two different IL-8 receptors

on neutrophils was published. Holmes and co-workers found
a high affinity IL-8 receptor with a size of 350 amino acids
and a molecular weight around 40 kDa, also named the type
1 IL-8 receptor. It belongs to a superfamily of receptors that
couple to guanosine triphosphate binding proteins also
called G-proteins including the receptors for fMLP and C5a,
which are also neutrophil chemoattractants. At the same time
data on another G-protein coupled IL-8 receptor on HL-60
neutrophils were described (Murphy and Tiffany, 1991). This
355 amino acid receptor has 77 amino acid identity with the
receptor mentioned above, is now named the type 2 IL-8 re-
ceptor and was shown to bind IL-8 with low affinity. They have
additionally shown that this receptor can also be activated,
but with much lesser potency by melanoma growth stimula-
tory activity (MGSA) and neutrophil activating peptide-2
(NAP-2), which are proteins very closely related to IL-8. This
observation confirms the finding of Moser and coworkers
(1991) who also reported that MGSA and NAP-2 can bind to
IL-8 receptors on neutrophils. The amino terminus of the IL-
8 receptors is of importance for the differential binding of
MGSA and IL-8 (Gayle et al. 1993). Recently, Lee and cowor-
kers (1992) expressed both I1L-8 receptors in mammalian cells
and found that both the high and “low” affinity IL-8 receptor
bind IL-8 with high affinity (Kd approximately 2 nM) in their
system. It can therefore be concluded that human neutrophils
express at least two distinct IL-8 receptors, and that both re-
ceptors are active, as binding of IL-8 to either receptor can
induce Ca*" efflux from the cells.

3.2 Quantification of IL-8 mRNA in different cell types.

As described above IL-8 has a variety of effects on different
kinds of cells. Psoriatic scales contain large amounts of IL-8
(Schroder et al. 1986, Schroder et al. 1992), and epidermal suc-
tion blisters from allergic patch test reactions possess lym-
phocyte chemotactic properties (Larsen et al. 1988 B), which
can be partially blocked by the addition of antibodies against
IL-8 (Zachariae C. Personal communication). These observa-
tions indicate that IL-8 is an important mediator in different
skin diseases. It has previously been shown that a large num-
ber of cell types are able to express the IL-8 gene and also to
produce IL-8 protein in response to different kinds of stimuli
(for review, see Larsen CG. 1991). When concentrating on cell
types relevant for the skin, IL-8 expression has been demon-
strated in human keratinocytes (Larsen et al. 1989 A, Barker
et al. 1990), dermal fibroblasts (Larsen et al 1989 A, Strieter et
al. 1989 A, Mielke et al. 1990), melanocytes (Zachariae et al.
1991), endothelial cells (Schroder and Christophers 1989 C,
Strieter et al. 1989 B, Sica et al. 1990), lymphocytes (Schroder
et al. 1988, Gregory et al. 1988), neutrophil granulocytes (Stri-
eter et al. 1990, Bazzoni et al. 1991), and monocytes (Walz et al.
1987, Matsushima et al. 1988).

Further, immuno-reactivity for IL-8 has been demon-
strated in both normal and diseased skin (Sticherling et al.
1991, 1992, Anttila et al. 1992, Elder et al. 1991).

In order to clarify the role that some of these cell types play
in the expression of IL-8 in skin, we wanted to quantitatively
compare [L-8 mRNA levels.

Acta Derm Venereol (Stockh) 74




Normally a quantification of the amount of a specific
mRNA in cultures of the same kind of cells is done by relat-
ing to an internal standard (e.g. actin or GAPDH mRNA) in
Northern blot analysis, as the amount of specific mRNA for
these standards is quite stable within the same cell type.

By use of this method, however, a comparison between dif-
ferent cell types is not possible due to the fact that these stan-
dard mRNA species can vary considerably from one cell type
to the other. We therefore chose to develop a method which
allows such a comparison by relating the amount of a specific
messenger to the total amount of RNA in a given sample. The
total amount of RNA is a quite stable parameter, and as it
consists predominantly of ribosomal RNA only striking dif
ferences between cell types in the proportion of mRNA to ri-
bosomal RNA could bias the results. With this technique we
were able to compare the relative amount of specific 1L-8
mRNA at different time points after stimulation with IL-1a
or LPS in cultures of human keratinocytes, dermal fibro-
blasts, endothelial cells, and monocytes.

321 Cell Stimulation, RNA Isolation and Dot Blot Analysis.
The different cell types were cultured as described (II) and
stimulated with recombinant human (rh) IL-1 (1000 U/ml
for keratinocytes, 100 U/ml for the other cell types) or LPS
(100 mg/ml for keratinocytes, 10 mg/ml for the other cell
types) as keratinocytes need a strong stimulation to upregu-
late their TL-8 expression in vitro (Larsen et al. 1989 A),

At different time points up to 24 hours, cells were lysed and
total cellular RNA isolated by the method of Chomezynski
and Sacchi (1987). We confirmed that the RNA preparations
were pure and undegraded by UV light spectrum analysis
and gel electrophoresis. Samples of total RNA were spotted
onto nylon membranes, using a minifold apparatus. The
wells were allowed to drain and washed in buffer. The nylon
membranes were rinsed, baked, and stained with methylene
blue. Methylene blue stains DNA and RNA, spotted onto
Zeta-probe nylon membranes, with equal intensity, while no
staining of proteins can be observed. It is therefore important
that RNA used for this quantitative method is free of DNA
contamination, as judged by gel electrophoresis, to avoid bias
when measuring the total amount of RNA on the membrane.
Staining intensities of the spots were measured by scanning
the still wet membrane in an ELISA reader at 540 nm.

Test samples were spotted on membranes together with a
standard series of known amounts of RNA applied in tripli-
cates. We have demonstrated that light absorption at 540 nm
accurately reflects the RNA amount bound in each spot (Fig.
1). By referring to this standard curve it is possible to calculate
the precise amount of total RNA in a given spot.

The probe was IL-8 cDNA cloned in the EcoRI site of
pBR322 (Matsushima et al. 1988). The cDNA was labeled by
random priming, first described by Feinberg and Vogelstein
(1983). By Northern blotting we confirmed that our probe hy-
bridized to one band of the correct size. The membranes were
destained and prehybridized followed by hybridization over-
night. After autoradiography, the hybridization intensities of
spots were measured by scanning the film in an ELISA reader
at 405 nm. Specific IL-8 hybridization could then be calcu-
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Fig. 1. Light absorption by methylene blue stained RNA. The RNA
concentration of a standard sample was determined, and the indi-
cated amounts spotted onto a membrane in triplicates. The mem-

brane was then stained and scanned in an ELISA reader at 540 nm.
Error bars, SEM.

Light absorption at 540 nm

lated for each spot as hybridization intensity per ug of total
RNA.

322 IL-8 mRNA synthesis by four different cell types. We used
our method to obtain quantitative information of the relative
1L-8 mRNA amounts synthesized by keratinocytes, dermal
fibroblasts, endothelial cells, and monocytes, as they all play
a role in inflammatory skin reactions. As stimulant we chose
rhlL-1g since this compound is known to induce IL-8 in all
the cell types we wanted to analyze, and because IL-1a is be-
lieved to be involved in the pathogenesis of many different
skin disorders.

As expected, all cells responded to stimulation with an in-
creasein IL-8 mRNA, but there were marked differences (Fig.
2). Endothelial cells produced on the average more than ten
times the IL-8 mRNA amount produced by keratinocytes,
and fibroblasts and monocytes expressed intermediate
amounts. The small amount of IL-8 mRNA synthesized by
keratinocytes required stimulation with ten times the IL-1a
amount used for the other cell types.

IL-8 accumulation over a 24 hour period in the medium of
keratinocyte and endothelial cell cultures was proportional to
IL-8 mRNA levels, from 25 to 100 ng for keratinocyte cultures
and from 555 to 750 ng for endothelial cell cultures, as deter-
mined by a specific radio-immuno assay for IL-8,

In order to see whether this picture was unique for IL-1e-
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Fig. 2. IL-8 mRNA in different
cell types with and without IL-1x
stimulation. Values were deter-
mined by the quantitative dot
blot method. Each value is the
average of triplicate determina-
tion for one culture. Open bars,
culture stimulated for 6h with 100
U/ml (endothelial cells (E), fibro-
blasts (F), Monocytes (M)) or
1000 U/ml (keratinocytes: SVKI14
(K1), primary keratinocyte cul-
tures (K2)). Solid areas, values for
the corresponding unstimulated
cultures. Error bars, SEM.
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stimulation, we stimulated one culture of each cell type with
LPS. For keratinocytes, monocytes, and endothelial cells the
responses were similar to the IL-1« responses, but the fibro-
blast response was considerably lower than with IL-1e.

323 Time course studies. It is well known that maximal
mRNA synthesis can be found at different time points for dif-
ferent cell types in vitro. Since these values may also be rele-
vant for the in vivo situation, we wanted to compare maximal
amounts of IL-8 mRNA synthesis. We therefore analyzed the
time course of IL-8 mRNA accumulation during 24 hours
after IL-la-stimulation for the same four cell types. Two cul-
tures of each were analyzed. The time course of IL-8 expres-
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sion varied considerably (Fig 3). Keratinocytes showed a
rapid, but transient response; fibroblasts and monocytes a
transient response, slow for monocytes and more rapid for
fibroblasts, while endothelial cells responded rapidly and sta-
bly over a 24 hour period. After 48 hours, the value for en-
dothelial cells was still high. At most time points the order of
relative IL-8 mRNA levels was the same as described above;
the endothelial cell response being high, fibroblast and
monocyte responses intermediate, and the keratinocyte re-
sponse low even with ten times stronger stimulation.

These results may reflect specific responses to specific sti-
muli; for a more general picture further analyses are needed
using a whole panel of known stimuli of TL-8 expression. Still
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we feel that the information presented here may provide a ba-
sis for speculations about the role of these four cell types as
producers of skin-derived TL-8.

The demonstration that keratinocytes, the first cells to be
encountered by external stimuli, can express IL-8 (Larsen et
al. 1989 A, Barker et al. 1990), pointed to this cell type as a
candidate for a leading part in IL-8-mediated skin reactions.
In our experiments, cultured keratinocytes synthesized very
low amounts relative to other cell types. The keratinocyte
mRNA response was, however, remarkably rapid and transi-
ent, with a decrease before other cell types reached maximum
expression, and the very high number of keratinocytes, com-
pared to the other cell types present, could also add to their
importance concerning [L-8 expression in the skin. Finally
it must be born in mind that in spite of the small IL-8 mRNA
expression in and protein secretion from the keratinocytes
this cell type may store larger amounts of IL-8 protein intra-
cellularly. The results presented here may suggest a role for the
keratinocyte as a weak, but rapidly acting initiator of a reac-
tion later sustained by other cells.

The observation that keratinocytes are less sensitive to IL-1
with respect to IL-8 induction may relate to the fact that IL-11s
found in high amounts in normal epidermis as well as in epi-
dermis in certain skin diseases (Larsen et al. 1988 A+B). How-
ever, LPS stimulation also gave a very low keratinocyte
response. By contrast, keratinocytes seem to express higher
amounts of IL-8 in response to a combination of tumour ne-
crosis factor o (TNFx) and IFNy (Barker et al. 1990). This
could be important in diseases such as allergic contact der-
matitis where activated T-cells release [FNy and the epider-
mis also contains TN Fo.

The responses of fibroblasts and monocytes to 1L-1x were
stronger than that of keratinocytes, but slower, reaching max-
imal values only after about 7 and 9 hours, respectively. These
slower responses were, however, also transient. After 24
hours, IL-8 mRNA had almost disappeared from monocytes
and fibroblasts showed a marked reduction. The transient
nature of the responses of keratinocytes, dermal fibroblasts,
and monocytes is consistent with a rapid down-regulation of
IL-8 mRNA which might be desirable in a potentially dama-
ging reaction.

The most striking response was that of endothelial cells,
which was very high after stimulation with both IL-1& and
LPS and, in agreement with the findings of others (Sica et al.
1990 A, Strieter et al. 1989 B), rapid and stable over a consider-
able period. This unique behaviour may suggest a key role of
this cell type in IL-8-mediated reactions. Constituting a bar-
rier between circulating cells and dermal and epidermal tis-
sue, vascular endothelial cells occupy an important position
in deciding the admittance of inflammatory blood cells to
the skin.

The results reported here must be interpreted with the cau-
tion always to be exerted, when extrapolating from in vitro ex-
periments to the in vive situation. Still, the marked differences
we observe in patterns of IL-8 expression between cell types
may suggest an elaborate and dynamic cooperativity be-
tween involved cells in initiation, maintenance, and down-
regulation of IL-8 mediated events.

4. THE ABILITY OF DIFFERENT CELL TYPES TO EX-
PRESS MONOCYTE CHEMOTACTIC AND ACTIVAT-
ING FACTOR (MCAF).

4.1. An introduction to MCAF,

4.1.1. Biochemical properties and molecular aspects of MCAF.
The monocyte chemotactic activating factor (MCAF) or
monocyte chemotactic protein 1 (MCP-1 ) was originally pur-
ified from the human myelomonocytic cell line THP-I (Mat-
sushima et al. 1989) cultured in the presence of LPS, silica and
hydroxyurea, and from phytohemagglutinin (PHA) stimu-
lated PBMC (Yoshimura et al. 1989 B). MCAF is a potent
monocyte chemoattractant and its existence was probably
first described by Snyderman et al. (1972), who observed that
PBMC stimulated with purified protein derivative (PPD) or
PHA produce a monocyte chemotactic factor. Molecular
cloning of the genomic DNA for MCAF revealed a gene with
3 exons and 2 introns (Shyy et al. 1990), which is localized 1o
the long arm of chromosome 17 (Rollins et al. 1991 A, Mehra-
bian et al. 1991) The ¢cDNA for MCAF is 672 basepairs in
length (Furutani et al. 1989, Yoshimura et al. 1989 C) and en-
codes a 99 amino acid precursor MCAF with a 23 amino
acid hydrophobic signal sequence. The mature form of the
protein consists of 76 amino acids (Robinson et al. 1989), and
its basic properties is due to 13 basic amino acids. SDS-poly-
acrylamide-gel electrophoresis has revealed peptides with ap-
parent molecular masses of 15 and 13 KDa (Yoshimura et al.
1989 B). They do, however, represent a single gene product.
and the difference is probably due to as yet unidentified post-
translational modifications. Like IL-8, MCAF contains 4
half-cysteines, but in MCAF the first two of these are adja-
cent to each other and not separated by a single amino acid.
This conserved position of the two first cysteines groups the
MCAF protein with other peptides as MIP-1, RANTES, JE,
and LD78 which share 25 to 55% homology with MCAF
(Leonard and Yoshimura 1990).

4.1.2. Biological actions of MCAF.

Monocytes. MCAF is thought to be responsible for monocyte
recruitment in acute inflammatory conditions and may also
be an important mediator in chronic inflammation. Its
monocyte chemotactic activity in virro (Matsushima et al.
1989, Yoshimura et al. 1989 B) has been confirmed in vivo
where intracutaneous injection of MCAF into the ears of Le-
wis rats resulted in monocyte/macrophage recruitment,
which started 3 hours after injection and became maximal
after 18 hours (Zachariae et al. 1990).

Other aspects of monocyte activation include a rise in the
cytosolic free calcium concentration due to influx of extracel-
lular calcium (Sozzani et al. 1991, Bischoff et al. 1992, Rollins
et al. 1991), induction of the respiratory burst (Zachariae et al
1990, Rollins et al. 1991 B) in monocytes, and an enhancement
of the cytostatic activity of human monocytes against several
types of human tumour cell lines in vitro (Matsushima et al.
1989, Zachariae et al. 1990).

Similar to the actions of IL-8 on neutrophils, MCAF can
upregulate expression of the 3-2 integrins CD11b (Mac-1 sub-
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unit) and CDllc on monocytes. Further, MCAF is able to in-
duce IL-1 and IL-6, but not TNF production in monocytes
(Jiang et al. 1992). These interesting observations suggest that
MCAF may play a role in both cellular immune reactions and
responses to acute tissue injury, as a pro-inflammatory med-
iator, via induction of adhesion molecules and cytokines. As
described in the following, we and others have shown that IL-
1is a potent inducer of MCAF expression in monocytes, and
this observation implicates a cytokine amplification pathway
which might serve to sustain an inflammatory response.

Basophils. MCAF has been shown to be chemotactic to hu-
man basophils (Leonard and Yoshimura 1990), and recombi-
nant MCAF can induce histamine release from the same cell
type in a concentration range between 10 and 10° M (Kuna
et al. 1992, Alam et al. 1992, Bishoff et al 1992). Suboptimal
doses of MCAF, however, require IL-3 or IL-5 priming of the
basophils in order to induce histamin release (Kuna et al.
1992). No difference has been observed in MCAF induced his-
tamine release between allergic subjects and normal persons
(Alam et al. 1992). Other aspects of basophil activation via
MCAF include a rise in the cytosolic free calcium level and
the formation of leukotriene C, (LTCy) in IL-3, IL-5 or GM-
CSF primed cells. This last observation draws another paral-
lel to the actions of IL-8 on neutrophils, where Schroder
(1989) showed that IL-8 can potentiate the 5-lipoxygenase
pathway. A similar action of MCAF on basophils further sup-
ports the close relationship between IL-8 and MCAF.

413 MCAF receptors. So far only monocytes have been re-
ported to express receptors for MCAF. Studies with radioio-
dinated MCAF indicate that monocytes have approximately
1600 binding sites per cell with a Kd of 1.1 nM ( Yoshimura and
Leonard 1990 B), and these findings have been confirmed by
others (Valente et al. 1991). No binding to neutrophils or lym-
phocytes was observed. MCAF can down-regulate its own re-
ceptor due to internalization, and chemical cross-linking of
the MCAF ligand-receptor complex suggests a molecular
mass of 40 kDa for one MCAF receptor (Wang et al. 1991).
Resent data, however, suggest the presence of at least two dift
ferent MCAF receptors on human monocytes. Radiolabeling
studies have revealed that one unique receptor for MCAF is
present on monocytes while another receptor is shared be-
tween MCAF and MIP-1 peptides. (Wang JM et al. 1993). As
it has recently been shown that MCAF has certain actions on
basophils, further studies are needed to investigate whether
also this cell type has receptors for MCAF.

4.2. Quantification of IL-I-induced MCAF mRNA in human
keratinocytes, fibroblasts, endothelial cells, and monocytes.

Several studies have shown that a significant proportion of
the early infiltrating cells in skin diseases such as psoriasis
and allergic contact dermatitis are cells of monocytic origin
(Gawkrodger et al. 1986, Platt et al. 1983, Bjerke et al. 1978).
Although it remains to be shown that MCAF is excreted in
response to antigenic stimulation, its secretion by stimulated
skin cells and its actions on monocytes suggest that this ago-
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nist is a key cell mediator of delayed cutaneous hypersensitiv-
ity and other cellular immune reactions. MCAF may
therefore play an important role in immunological and in-
flammatory processes through attraction of monocytes into
the skin.

So far, MCAF expression in the skin has not been studied
in vivo. MCAF is expressed in vitro by a number of cell types,
either constitutively or upon stimulation including keratino-
cytes (Barker et al. 1990 and 1991), dermal fibroblasts (Stri-
eter et al. 1989 C,Van Damme et al. 1989, Larsen et al. 1989 B),
endothelial cells (Schyy et al. 1990, Strieter et al. 1989 C, Sica et
al. 1990 B, Rollins et al. 1990, 1991 C, Dixit et al. 1990), mono-
cytes (Sica et al. 1990 B, Decock et al. 1990), and melanocytes
(Zachariae et al. 1991). As their relative potential for MCAF
mRNA synthesis is an important factor in understanding
the dynamics and interactions between the different cell
types involved in inflammatory skin diseases we used our
method for quantitating mRNA, described in chapter 3.
Monocytes, neutrophils, and lymphocytes are often present
together in inflammatory skin diseases. We therefore found it
of interest to investigate if there are similarities in the ability of
cultures of human keratinocytes, dermal fibroblasts, mono-
cytes, and endothelial cells to synthesize MCAF- and IL-8
mRNA (IIVII). As stimulant we chose rIL-1, since this com-
pound is known as a potent MCAF inducer in monocytes,
fibroblasts and endothelial cells, and because IL-l1x and the
type 1 IL-1 receptor (IL-1R1) is present in both normal and
diseased skin (IV).

421 MCAF mRNA synthesis by four different cell types. All cul-
tures were established from different individuals. Monocytes
were used immediately after purification, the other cell types
when they were about 90% confluent. From our experience
with IL-8 mRNA synthesis we chose to compare the expres-
sion 6 hours after stimulation (Fig. 4). Monocytes, fibroblasts,
and especially endothelial cells showed appreciable levels of
MCAF mRNA in unstimulated cultures, while keratinocytes
did not. All four cell types responded to stimulation with a 2-8
fold increase in MCAF mRNA, but keratinocytes required
stimulation with ten times the IL-l2 amount used for the
other cell types to produce a measurable hybridization sig-
nal. Endothelial cells reached levels more than ten times
those of keratinocytes, while monocytes and fibroblasts
showed intermediate and almost equal amounts (VII).

4.2.2. Time Course studies. The kinetics and maximal ability for
MCAF mRNA synthesis in different skin cells may be of im-
portance for the recruitment of monocytes during an immu-
no-inflammatory reaction. We therefore also analyzed the
time course of MCAF mRNA accumulation during 24 hours
after IL-1 stimulation of cultures of human keratinocytes,
dermal fibroblasts, monocytes, and endothelial cells (Fig. 5).
Two cultures of each cell type were analyzed. Keratinocytes
and fibroblasts showed a rapid, but transient response, mono-
cytes a slower and more stable response, while endothelial
cells responded rapidly and strongly over a 24 hour period.
At most time points, the order of relative MCAF mRNA le-
vels was the same: The endothelial cell response being high,
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Fig. 4. MCAF mRNA expression in different cell types with and with-
out IL-12stimulation. Values were determined by the quantitative dot
blot method. Each value is the average of triplicate determination for
two or three cultures. Black bars, cultures stimulated for 6h with 100
U/ml IL-12 (endothelial cells (E); dermal fibroblasts (F); monocytes
(M)) or 1000 U/ml IL-lz primary keratinocytes (K)).Open bars, va-
lues for the corresponding unstimulated cultures.

fibroblast and monocyte responses intermediate, and the ker-
atinocytes low (Fig. 5). The fact that keratinocytes can express
MCAF mRNA upon IL-la stimulation is a novel observation,
and others have failed to demonstrate this (Barker et al. 1991
A).The discrepancy could be due to different cell culture con-
ditions. Another explanation could be that our dot blot tech-
nique is possibly more sensitive than the traditional Northern
blot method.

We also examined the ability of the virus-transformed hu-

man keratinocyte cell line SVK-14 to synthesize MCAF
mRNA in time course studies. Interestingly, and in contrast
to the normal human keratinocytes, this cell line failed to pro-
duce MCAF mRNA under identical conditions, while we
have previously shown that SVK-14 cells are capable of 1L-8
mRNA synthesis. A possible explanation could be that
virus-transformation of cells induce changes on the gene
transcriptional level. Therefore results obtained with trans-
formed cell-lines must always be interpreted with caution.

So far, limited data have been published on the kinetics of
MCAF mRNA expression in human monocytes. It has been
shown that purified, unstimulated monocytes express
MCAF mRNA and that LPS can augment this synthesis
(Sica et al. 1990). Further, LPS, PHA, and IL-18 can induce
MCAF mRNA synthesis in peripheral blood mononuclear
leucocytes (Yoshimura et al. 1989). We found that there was a
basal expression of MCAF mRNA in monocytes and that [L-
1o stimulation led to an increased synthesis with maximum
after 8 hours. Of interest was the observation that after 24
hours of IL-l1x stimulation the mRNA level was still quite
high. These results place the monocytes in an important posi-
tion using MCAF as a potent autocrine stimulator, because
monocytes have specific receptors for MCAF as described
above. To exclude that the constitutive MCAF mRNA synth-
esis was due to stimulatory factors present in the fetal calf ser-
um or LPS contamination of the growth medium, we
examined the IL-8 mRNA synthesis under identical condi-
tions and found very low amounts synthesized. We conclude
that unstimulated MCAF mRNA synthesis is not caused by
the presence of any compound capable of inducing IL-8 expres-
sion such as LPS, IL-1 or TNE It is, however, well known that
monocytes can be activated by adhesion to a plastic surface.

IL-1and TNFare potent inducers of MCAF mRNA synth-
esis in human dermal fibroblasts (Larsen et al. 1989, Strieter
et al. 1989). The response of fibroblasts upon I1L-1 stimula-
tion was rapid, reaching a maximum after 4 hours and was
down-regulated to the pre-stimulatory level after 10 hours.

Fig. 5. Time course of MCAF mRNA expres- 700
sion in different cell types after IL-1x stimula-
tion. 1000 U/ml 1L-1« for keratinocytes, 100 U/

600
ml IL-1x for the other cell types. Each plot re-
presents the average result for two cultures.
The value for each culture is a result of tripli- < 500
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There was a fast and strong induction of MCAF mRNA
synthesis in endothelial cells, and the expression remained
stable in a period up to at least 24 hours. These results suggest
an important role for this cell type in MCAF mediated reac-
tions. When comparing the time course patterns for the re-
sponses of MCAF and IL-8 mRNA synthesis upon IL-1x
stimulation for all the cell types examined striking similari-
ties become clear (Fig. 2-5). Both MCAF and IL-8 mRINA's
are synthesized in high amounts by endothelial cells, when
compared to other cell types present in the skin. It must how-
ever be born in mind that adult dermal microvascular cells
may react differently from the umbilical cord vein endothelial
cells. Such a possible difference remains to be demonstrated.

These findings support our emerging view that the en-
dothelial cell has a central role in the regulation of recruit-
ment and activation of leucocytes from the blood into the
skin, and indicate that endothelial cells take part in the regu-
lation of actions carried out by mediators belonging to the
chemotactic cytokine supergene family.

5. DISTRIBUTION OF IL-12, INTERLEUKIN 1 RECEP-
TOR ANTAGONIST PROTEIN (IRAP) AND THE TYPE
1 IL-1 RECEPTOR (IL-1R1) IN NORMAL AND PSORIA-
TIC SKIN.

5.1 Introduction.

IL-1 is one of the main endogenous inducers of IL-8 and
MCAF in many different cell types, and it is well known that
large amounts of especially IL-12 is present in both normal
and diseased skin. The actions of IL-1 and its ability to induce
expression of other cytokines like IL-8 and MCAF, however,
depends on the presence of specific IL-1 receptors on target
cells and also on the presence of possible specific IL-1 regula-
tors such as interleukin I receptor antagonist protein (IRAP).

In order to clarify the balance and distribution between
receptor, agonist and antagonist in the skin we investigated
the presence and distribution of IL-1z, the type 1 IL-1 recep-
tor (IL-1R1), and IRAP in normal skin, and compared their
distribution and intensity between uninvolved and involved
lesional skin obtained from psoriasis patients. Specific mono-
clonal antibodies and immunohistochemical techniques were
used (IV).

5.2 IL-1in human skin.

The term IL-1 covers two different polypeptides — [L-lec and
IL-16 that bind to the same receptors and have identical bio-
logical properties (for review see Dinarello and Schindler
1990). I1-15 was originally cloned by Auron et al. (1984) and
[L-1z by Lomedico et al. (1984). The genes for both forms are
localized on chromosome 2 (D’Eustachio et al. 1987) and
share 45% homology. Both proteins are synthesized as 31-
kDa precursors which are processed into 17 kDa mature pro-
teins with 26% amino acid homology, and both lack a signal
or cleavage sequence usually associated with secreted proteins.

IL-l1& remains primarily cell associated in its precursor

Acta Derm Venereol (Stockh) 74

form, while IL-18 is released into the supernatant both in its
precursor and mature 17-kDa form.

The presence of bioactive IL-1in normal human epidermis
that cross-reacts immunohistochemically with both the TL-1x
and IL-1B forms is now well established (Luger et al. 1981, Sau-
der et al. 1982, Gahring et al. 1986, Kupper et al. 1986, Larsen
et al. 1988A+B, Didierjean et al. 1989). The reported localiza-
tion of intra-epidermal IL-1 using immunostaining has var-
ied between different studies, probably as a result of
technical factors. A recent study involving a range of fixa-
tives and a panel of antibodies has revealed that keratino-
cytes at various stages of maturation display both
membrane-associated and cytosolic IL-l1xand B immunoreac-
tivity (Anttila et al. 1990). In addition, both IL-1z and B have
been detected in the human eccrine sweat-gland apparatus
(Reitamo et al. 1990). IL-1x appears to be the major IL-I spe-
cies in terms both of immunohistochemical staining (Ro-
mero et al. 1989) and of the amount of bioactive material
recovered from the epidermis (Camp et al. 1990), although
IL-18 immunoreactivity without corresponding IL-18 bioac-
tivity has been identified in extracts of normal human heel
stratum corneum (Gearing et al. 1990). This is in contrast to
cells of monocytic origin, which preferentially produce IL-
1B. The steady state rate of epidermal IL-l¢e mRNA synthesis
appears very low, and the large amounts of epidermal IL-1o
may therefore be the result of storage (Didierjean et al 1991).
The expression of IL-1 mRNA and IL-1 protein secretion by
keratinocytes is enhanced by UV-B irradiation (Oxholm et
al. 1988, Kupper et al 1987) and IL-1 may in general play a cen-
tral role in the immunopathogenesis of skin inflammation
(Barker et al.1991). Recombinant [L-1 is pro-inflammatory in
vivo; IL-1 enhances epidermal Langerhans cell-dependent T
cell activation in the skin (Heufler et al. 1988) and induces ex-
pression of IL-8 and MCAF mRNA (II, VII) similar to tu-
mour necrosis factor » (TNFu«). In addition, IL-1 can
stimulate mouse keratinocyte proliferation (Ristow H-J,
1987). Others (Morhenn et al. 1989) have ,however, been un-
able to demonstrate this effect of IL-1 on human keratino-
cytes in culture.

There has been a single report of increased IL-1x expres-
sion in psoriatic epidermis (Romero et al. 1989), whereas the
majority of studies have described a reduction in IL-1 bioac-
tivity (Cooper et al. 1990), although an increase in immunore-
active, but non-functional IL-1B has been observed (Prens et
al. 1990, Cooper et al. 1990). In addition, increased levels of
bioactive IL-1 have been demonstrated in epidermal extracts
from positive allergic patch test reactions, when compared to
normal epidermis (Larsen et al. 1988 B). For these reasons in-
terest has been focused on the potential role of TL-1 and other
cytokines such as 1L-8 and MCAF in the pathogenesis of
psoriasis and other inflammatory skin diseases such as aller-
gic contact dermatitis.

5.3 The interleukin I receptors.

Cross-linking studies of radiolabelled IL-1 have shown that
several proteins are able to bind IL-1. Of these, however, two
IL-1 binding proteins have been prominent. The IL-IR1 is a




Fig.6.

(a) Immunoreactive
IL-IR in normal
human skin (x 250).
(b) IL-IR1 immu-
noreactivity is dis-
tributed through-
out the epidermis in
involved psoriatis
skin (x 250).

522 amino acid protein with a molecular weight of 80 kDa.
This receptor, which has recently been cloned in human cells
(Sims et al. 1989), is found on T-cells, monocytes, fibroblasts,
keratinocytes, endothelial cells, synovial lining cells, chon-
drocytes and hepatocytes. The type 2 IL-I receptor (IL-1R2)
is a 68 kDa protein found on B-cell lineages, neutrophils and
bone marrow cells (Dinarello CA. 1991).

Both receptors belong to the Ig superfamily with three Ig-
like domains in the extracellular segment, a single transmem-
brane region and a cytosolic region (Dower et al 1990 A, Dow-
eretal. 1990 B, Sims et al. 1988). N-linked glycosylation appears
to be essential for optimal binding and activity of IL-1 to the TL-
IR1 (Mancilla et al. 1992). The lower molecular weight of the
IL-1R2 is due to a shorter cytoplasmatic domain. Although it
is generally accepted that both receptors can recognize both
IL-2 and B (Kilian et al.1986, Kupper et al. 1988, Matsushima
et al. 1986 A), several studies have shown that IL-1¢ binds best
to the IL-1R1 and I1-18 to the IL-1R2 (Dinarello 1991).

IL-1 bound to the IL-1R1 is internalized and only a small

Distribution of IL-1v, interleukin 1 receptor antagonist protein 17

Fig.7.

(a) Marked
staining with anti-
IRAPofall the
layes of the epider-
mis in uninvolved
psoriatic skin (x
100). (b) De-
creased staining
intensity with anti-
IRAP of the epi-
dermis in involved
psoriasis skin (x
100).

amount is degraded (Matsushima et al. 1986 B). Additionally
it has been shown that IL-1 can down-regulate the IL-1R1 ex-
pression ( Ye et al. 1991). By contrast, IL-1 bound to the IL-1R2
is found in the extracellular fluid in a degraded form and the
binding of IL-1 to human neutrophils or bone marrow cells is
enhanced when IL-1 is administered (Shieh et al. 1990). These
observations indicate that the regulation of surface expres-
sion and signal transduction differs for the two IL-1 recep-
tors, and a recent study actually suggests that the TL-1R2 is
not able to mediate IL-1 biological responses (Sims et al. 1993).

54. Biology, cellular sources and actions of IRAP.

Recent work from several laboratories has led to the purifica-
tion and cloning of an IL-1 receptor binding protein which in-
hibits IL-1 activity from human monocytes and the
myelomonocytic cell line U937 (Carter et al. 1990, Eisenberg
et al. 1990, 1991, Hannum et al. 1990). The cDNA sequence
codes for a polypeptide of approximately 17 kDa, whereas lar-
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ger forms of the molecule are due to glycosylation. This re-
combinant molecule, termed IRAP or IL-1 receptor antago-
nist (IL-Ira). is a 177 amino acid protein which shows 19 and
26% homology to IL-lo and IL-1B respectively. Unlike the
[L-1 proteins, monocyte derived IRAP has a classical secre-
tory leader peptide. The IRAP gene is similar to the IL-1x
and B genes in intron-exon organization indicating that they
belong to the same gene family. IRAP is a true IL-1 antago-
nist, as it is able to bind to both the IL-IR1 (Dripps et al. 1991
A, Carter et al. 1990), and the IL-1R2 (Dripps et al. 1991 B,
Granowitz et al. 1991 A) without inducing signal transduc-
tion. In addition an intracellular form of IRAP has recently
been described. It differs from the IRAP form found in mono-
cytes in the sense that it lacks the leader sequence necessary
for secretion and therefore stays intracellularly. This special
form of IRAP has been shown to be associated with different
kinds of epithelium including human keratinocytes (Haskill
et al. 1991). Apart from the cell types mentioned above IRAP
has been reported to be expressed by B- and T-lymphocytes
(Bajetto et al. 1991) human synovial- and dermal fibroblasts
(Krzesicki et al. 1993) and by neutrophil granulocytes (Has-
kill et al. 1991).

Different signals can induce expression of IRAP. In PBMC
and monocytes addition of serum, IgG, LPS, IL-4, transform-
ing growth factor 5 (TGFB), or GM-CSF to cells in culture
have this effect (Turner et al. 1991, Poutsiaka et al. 1991, Arend
et al. 1989, 1991, Shields et al. 1990,Vannier et al. 1992, Wahl et al.
1993, Wong et al. 1993) In human polymorphonuclear cells
LPS, IL-4 GM-CSF and TNF induce the expression of [IRAP
(Re et al. 1993).

IRAP has been shown to inhibit many of the actions car-
ried out by IL-1. In vitro rIRAP is able to block IL-1 augmen-
tation of thymocyte proliferation, 1L-I-induced synovial cell
prostaglandine E, (PGE,) synthesis and collagenase synth-
esis from chondrocytes (Arend WP, 1990). IRAP also blocks
the production of IL-1 induced IL-1, TNE and IL-6 from
PBMC as well as from purified monocytes (Granowitz et al.
1991 B).

Of special relevance for this thesis is the recent study by
DeForge and coworkers (1992) who showed that thIRAP can
inhibit LPS induced IL-8 expression in human whole blood.
No effects on LPS induced IL-12 or IL-18 was observed. In
general a large excess of IRAP is required to inhibit the ac-
tions of IL-1. This could be due to the fact that only a small
percentage of IL-1 receptors ( 5 % ) on target cells has to be
activated in order to induce an IL-1 signal transduction
(Arend et al. 1990).

Here follows some examples of the actions of IRAP in vivo:
Injection of rIRAP reduces the mortality from endotoxin in-
duced shock in rabbits and mice (Ohlsson et al. 1990, Alexan-
der et al. 1991), inhibits TL-1 induced fever and sleep in rabbits,
prevents pulmonary fibroses elicited in mice by bleomycin or
silica (Piguet et al. 1993) and reduces the severity of IL-1 in-
duced synovitis and articular cartilage proteoglycan loss in
the rabbit knee (Henderson et al. 1991). It should also be men-
tioned that intravenous injection of IRAP in humans have been
carried out. No changes in the blood chemistry profiles, physi-
cal examination, symptoms or mononuclear cell phenotype
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were observed between the treated group and the saline con-
trol group (Granowitz et al. 1992), indicating that IRAP injec-
tion is safe and does not significantly affect homeostasis.

Of special interest in terms of skin inflammation is the
IRAP form found in keratinocytes. The findings by Haskill
and co-workers (1991) have been extended by Gruaz-Chatel-
lard et al. (1991) and Bigler et al. (1992), who showed that nor-
mal human keratinocytes in culture synthesize IRAP mRNA
and produce large amounts of the intracellular variant of
IRAP. This expression is enhanced during differentiation of
the cells, In addition, extracts of normal skin also contained
biologically active IRAP (Gruaz-Chatellard et al. 1991). Ham-
merberg et al. (1992) reported that IRAP is present in both
normal and psoriatic epidermal cytosol, and that IRAP
mRNA is present in both normal and psoriatic skin demon-
strated by use of the PCR technique. These observations sug-
gest that mechanisms exist for the regulation of IL-1
bioactivity in the skin.

5.5. Skin biopsies and immunohistological techniques.

Samples of normal perilesional skin (n = 10) were obtained
from subjects undergoing minor dermatological surgery pro-
cedures. In addition, paired biopsies from involved and unin-
volved areas were obtained from individual patients (n = 7)
with stable plaque psoriasis. Psoriasis patients were on no
systemic therapy, and had been off all local therapy on the
biopsy sites for at least seven days.

For immuno-staining we used an enhanced alkaline phos-
phatase-anti alkaline phosphatase (APAAP) technique based
on a method first described by Cordell et al. (1984). All tissue
sections were counterstained with haematoxylin and positive
staining was visualised by bright pink colouration.

The specificity of the monoclonal antibodies was con-
firmed by ELISA (IV).

To confirm the specificity of the staining the diluted anti-
body was preincubated overnight at 4°C, either alone or in
the presence of 10 mg/ml of the relevant ligand, i.e. monoclo-
nal anti IRAP antibody with recombinant IRAP, monoclonal
anti IL-1o with rIL1s, and monoclonal anti IL-1 receptor with
rIL-1a (the binding of this antibody is blocked by ligand, Dr
Steven Dower, personal communication). It was possible to
totally block the staining for IL-1zand IRAP, whilst the stain-
ing for IL-IR1 was strongly inhibited. Mouse IgG, (same iso-
type as monoclonals) was included as a specificity control to
exclude Fc binding to the tissue.

56. Distribution of IL-1o, IL-IRI, and IRAP
in normal human skin.

Staining with anti-IL-1z antibody was predominantly seen in
the basal layers of the epidermis in 7 of the 10 biopsies. In the
remaining three biopsies staining was distributed throughout
the epidermis with the exception of the stratum corneum. The
secretory coils of eccrine sweat glands, the sebaceous gland
lobules, and upper dermal blood vessels were also stained.

In contrast to anti-IL-12, epidermal staining with anti-IL-
1R1 antibody was detectable within both the basal and upper
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layers of the epidermis in 9 of the 10 biopsies. In addition,
scattered upper dermal dendritic cells also stained positive
in all biopsies. Furthermore IL-1R1 staining was detected in
eccrine sweat glands and sebaceous glands as described
above for IL-lo. Staining was also found associated with
upper dermal blood vessels, and with arrector pili muscle fi-
bres.

The finding that staining for both IL-1zzand the IL-1R1 was
present on the the same cells provides evidence for the possi-
bility of autocrine stimulation.

Of particular interest was the observation that antibodies
directed against IRAP also stained the epidermis and in a
similar distribution to that detected with the anti IL-1R1 anti-
body. Eccrine ducts, sebaceous glands, and an area of arrec-
tor pili muscle were also stained. Hammerberg and co-
workers (1992) have performed immunoflourescence studies
on normal and psoriatic skin and found IRAP protein con-
centrated in the stratum granulosum of normal epidermis
and a more basal-midbasal distribution in psoriatic epider-
mis. The differences could be due to differences in staining
techniques.

Our finding that the inhibitor protein IRAP is present in
areas in which the pro-inflammatory cytokine IL-1# is also
found, provides evidence in favour of a cytokine regulatory
system in the skin. As described above, an intracellular form
of IRAP, which lacks the leader sequence, has recently been
characterized in cultured epithelial cells including keratino-
cytes. It has been proposed that it may therefore function as
an inhibitor/regulator of intracellular IL-1 (Bigler et al. 1991).

57 Distribution of IL-13 IL-IR1, and IR AP in psoriatic skin.

The overall distribution of staining in both uninvolved and
lesional skin from psoriasis patients was not different from
normal human skin regarding the antibodies directed
against IL-la, IL-1R and IRAP. However, in psoriatic skin
staining with anti-IL1x was seen throughout the living layers
of the epidermis in all specimens rather than being predomi-
nantly basal; there was prominent staining of papillary blood
vessels with the anti-IL-1x antibody. In addition, staining with
all three antibodies was detectable in the parakeratotic stra-
tum corneum in lesional psoriatic skin. However, there was
considerable inter-patient variation in the intensity of stain-
ing with anti-IL-1a No consistent difference in the degree of
expression of IL-1x between uninvolved and lesional skin of
psoriasis patients could be determined. Similarly there was
no consistent difference in upper and basal epidermal stain-
ing for IL-1R1 between uninvolved and psoriasis skin. Fig. 6
shows the distribution of IL-IR1 in normal skin and involved
psoriasis skin,

The finding that IL-le and IL-1R1 is present on the same
cell types in the skin provides strong evidence for the possibi-
lity of IL-1 induced actions, including induction of IL-8 and
MCAF expression, and thereby activating the influx of differ-
ent inflammatory cell types from the blood and into the skin,
which is observed in psoriasis.

In contrast to IL-la and IL-1RI1, there was a consistent
trend towards reduced expression of IRAP in the basai and

upper layers of lesional skin as compared to uninvolved skin
in 6 out of 7 patients with psoriasis (Fig. 7). The biological sig-
nificance of this finding is at present difficult to interpret, in
view of the documented reduction in bioactive IL-1xin psor-
iatic skin. Reduced expression of IRAP in lesional psoriasis
might reflect decreased synthesis and consequent intracellu-
lar storage of IRAP.

Another important aspect of these results is that inflam-
mation may not only be induced by upregulation of stimula-
tory factors, but also by downregulation of specific inhibitors.

6. TUMOUR NECROSIS FACTOR o (TNFx) ANDITSRE-
CEPTORS IN NORMAL HUMAN SKIN AND SKIN
FROM PATIENTS WITH PSORIASIS

6.1. Anintroduction to TNFu.

TNFua is a cytokine with widespread actions in inflammatory
and autoimmune skin diseases as recently reviewed (Wake-
field et al. 1991). The human TNFx ¢cDNA gene codes for a
mature polypeptide of 157 amino acids, preceded by a 76 ami-
no acid long sequence (Pennica et al. 1985). The active form of
TNFua is a trimer with a total molecular mass of app. 55 kDa
(Smith and Baglioni 1987). TNFe is produced by keratino-
cytes (Kock et al. 1990), dermal dendritic cell (Nickoloff et al.
1991), macrophages, and lymphocytes (Tracey et al. 1989) and
acts on these and other cell types present in skin after binding
to specific receptors.

TNFua inhibits keratinocyte and endothelial cell prolifera-
tion (Pillai et al. 1989, Detmar et al. 1989 A+B), and stimulates
the growth of fibroblasts (Vilcek et al. 1986). It also induces
neutrophil mediated injury of cultured human endothelial
cells (von Asmuth et al. 1991), and expression of intercellular
adhesion molecule-1 (ICAM-1) on keratinocytes and en-
dothelial cells (Detmar et al. 1989 B, Detmar and Orfanos
1989). This induction can be synergized in the presence of
IFN-y, and ICAM-I expression has been shown to correlate
with the lymphocytic infiltration in psoriasis and other skin
diseases (Griffith et al. 1989). As described for IL-1, TNFu is
one of the main endogenous inducers of IL-8 expression in
human keratinocytes, dermal fibroblasts, endothelial cells
and monocytes (Larsen et al. 1989 A, Strieter et al. 1989 B,
Matsushima et al. 1988). These findings indicate that TNFx
plays an important role in inflammatory skin diseases, such
as psoriasis, where lymphocytes and neutrophils are involved.

6.2. The TNFreceptors.

TNFzand TNFB or lymphotoxin bind to the same two recep-
tors: The 55 kD and the 75 kD TNF receptor (p55 TNF-R and
p75 TNF-R respectively) which have recently been cloned and
expressed by a number of groups (Nophar et al. 1990, Smith et
al. 1990, Dembic et al. 1990, Himmler et al. 1990, Loetscher et
al. 1990, Schall et al. 1990). They both belong to the same fa-
mily of receptors including the nerve growth factor receptor
and the B-cell surface antigen CDw40 due to similarities of
their extracellular domains (Dembic et al. 1990).

TNF receptors are present on nearly all cell types with a
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Fig. 8. (a) Distribution of immunoreactive p55 TNF-R in normal hu-
man skin detected by the htr-9 antibody. Staining is present through-
out the viable epidermis and in association with upper dermal
dendritic cells (x 350). (b) p55 TNF-R immunoreactivity is distribu-
ted to all the layers of the epidermis, including the parakeratotic stra-
tum corneum, in involved psoriasis skin. Note perivascular cell-
associated staining within the papillary dermis (x 100).

few exeptions such as erythrocytes. Resting T-cells express
only very few receptors. The p55 TNF-R seems to be ubiqui-
tous and occurs, amongst others, on peripheral blood mono-
cytes (Scheurich et al. 1989), keratinocytes (Trefzer et al. 1991),
fibroblasts (Espevik et al. 1990), endothelial cells (Espevik et
al. 1990, Shalaby et al. 1990), NK-cells (Naume et al. 1991),
and several adenocarcinoma cell lines (Brockhaus et al.
1990). By contrast, the p75 TNF-R seems more restricted to
cells of hematopoietic origin and is strongly and preferen-
tially expressed upon induction of NK-cells (Naume et
al.1991), and T- and B-cells (Fiers W. 1991, Erikstein et al. 1991,
Heilig et al. 1991). Resent data suggest that different actions
can be signalled through the two TNF receptors. Wong et al.
(1992) showed that the antiviral activity of TNF is only
mediated via the p55 TNF-R and biological active anti-p33
TNF-R antiserum induced proliferation of MRC-5 fibro-

Fig. 10. Immunoreactive p75 TNF-R is localized to the
perivascular region in the dermal papillae of lesional
psoriatis skin (utr-1 antibody) (x 350).
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Fig. 9. Colocalization of staining on dermal blood vessels from le-
sional psoriasis skin, with antibodies to (a) the endothelial cell mar-
ker von Willebrand factor, and (b) p55 TNF-R (htr-9) (x 385).
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blasts while anti-p75 TNF-R antiserum did not have this ef
fect (Abe et al. 1993).

In addition to the membrane bound TNF receptors a
group of soluble TNF binding proteins have been described.
Some of the TNF binding proteins are probably soluble forms
of the extracellular cytokine binding domains of the mem-
brane bound TNF receptors (Lantz et al. 1990, Nophar et al.
1990). They may be important agents that can block harmful
effects and functions of TNF by competing with TNF for the
membrane bound TNF receptors (Engelmann et al. 1989,
Lantz et al. 1990, Olsson et al. 1989). These actions draw a par-
allel to the actions of IRAP on IL-1 activity described earlier.

Previous studies have indicated that the skin contains a
very large number of TNF receptors (Beutler et al. 1985). Re-
cent data show that normal human keratinocytes in culture
only express the p55 TNF-R (Trefzer et al. 1991). The exact cel-
lular localization of the TNF receptors in the skin in situ has,
however, not been described before and is of importance in
understanding the pathogenesis of inflammatory skin dis-
eases, where TNFz and mediators induced by TNFx such as
1L-8 and MCAF are involved.

To address this question we investigated the presence and
distribution of TNFx and its two receptors, the p55 TNF-R
and the p75 TNF-R, in normal skin, and compared their dis-
tribution and intensity between uninvolved and lesional skin
obtained from patients with psoriasis, using specific mono-
and polyclonal antibodies (V).

6.3 Immunohistochemical staining and specificity controls.

A specific polyclonal rabbit anti-TNFz antibody was isolated
from serum of rabbits immunized with recombinant TNFz,
as previously described (Chu et al. 1991). We also used mouse
monoclonal antibodies directed against p55 TNF-R (htr-9)
and p75 TNF-R (utr-1) The utr-1 and htr-9 antibodies both
compete with TNFz and Lymphotoxin for binding to the p75
TNF-R and p55 TNF-R respectively. They therefore only bind
to TNF receptors which are not occupied by TNF. Addition-
ally, two mouse MoAbs against the p55 TNF-R (TBP-1 and
TBP-2) were used. The immunohistochemical staining was
carried out as previously described (V) by use of the en-
hanced APAAP technique.

The following controls were included for the specificity of
the immune reaction: Substitution of the primary TNF recep-
tor antibodies with mouse IgG1 (same isotype as the mono-
clonals) resulted in negative staining. The immuno-
reactivities of the TNFa and p55 TNF-R antibodies were to-
tally blocked when preincubated with 10 pg/ml of rhTNFu«
and recombinant soluble p55 TNF-R respectively. Further,
the TNF receptor antibodies are very well characterized, and
in particular, the staining intensity obtained with the p75
TNF-R (utr-1) and the p55 TNF-R antibody is reduced to
background level, when tissue sections are pre-incubated
with recombinant TNFu (Brockhaus et al. 1990).
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64. Localization of TNFx and its receptors in normal and pso-
riatic skin.

We have documented for the first time (V) that the p55 TNF-
R is present in all the living layers of the normal epidermis
and is also associated with eccrine sweat glands, sebaceous
glands, hair follicles, errector pili muscles and upper dermal
dendritic cell (Fig. 8). Uninvolved and lesional skin from
psoriatics stained in a similar fashion (Fig 8). In lesional psor-
iasis skin there was an upregulation of expression of the p55
TNF-R in association with upper dermal blood vessels, con-
firmed by double label immunofluorescence staining with
anti-p55 TNF-R and anti-von Willebrand factor antibodies
(Fig. 9). The importance of this finding is further underlined
by resent data indicating that the TNFa-induced cell adhe-
sion to human endothelial cells in virro is under dominant
control of the p55 TNF-R. (Mackay et al. 1993).

In contrast, the p75 TNF-R was not expressed by either
normal or psoriatic epidermis. Staining for the p75 TNF-R
was only present in eccrine sweat glands and in dermal den-
dritic cells in normal and uninvolved psoriasis skin. Of inter-
est was the novel observation that the upper dermal blood
vessels in the dermal papillae of lesional psoriasis skin also
expressed the p75 TNF-R (Fig. 10).

TNFu was predominantly localized to the basal cell layers
of the epidermis in normal and uninvolved skin from psoria-
tics whereas in affected skin a mostly basal, but more widely
distributed staining of the epidermis occurred. No marked
difference in the level of epidermal TNFu expression could,
however, be observed. TNFax was also found in eccrine sweat
glands, dermal blood vessels, upper dermal dendritic cells,
sebaceous glands and errector pili muscles. Of interest was
the observation that in 4 out of 7 lesional skin biopsies, there
was also prominent staining for TNFx associated with upper
dermal blood vessels.

In conclusion: Our findings that the p55 TNF-R 1s present
in epidermis, where TNFu is also distributed, provides evi-
dence that the actions of TNFux on epidermal cells in vivo is
carried out via the p55 TNF-R. Further, as TNFx can induce
the expression of IL-8 MCAF, and adhesion molecules on
vascular endothelium, an upregulation of both TNF« and its
two receptors in association with upper dermal blood vessels
and perivascular inflammatory cells indicates an important
role for TNFe in promoting recruitment of inflammatory
cells into the inflamed psoriasis skin.

7. REGULATION OF INTERLEUKIN 8 EXPRESSION
IN THE SKIN.

7.1 Possibilities for therapeutical modulation of IL-8 levels in in-
flammatory and autoimmune diseases.

As described in the previous chapters IL-8 works primarily as
a pro-inflammatory mediator taking active part in different
inflammatory diseases. The expression of IL-8 is therefore an
obvious target for therapeutical intervention, emphasized by
the fact that the acute neutrophil granulocyte accumulation
in LPS induced skin inflammation can be strongly inhibited
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by simultaneous intravenous administration of 1L-8 antibo-
dies (K. Matsushima, personal communication).

Some cytokines possess the ability to inhibit IL-8. Standi-
ford and co-workers (1990 A+B) showed that IL-8 expression
from stimulated human monocytes was inhibited by IL-4,
whereas no effect could be observed on endothelial cells or
fibroblasts. In addition, the recently discovered IL-10 has also
the ability toinhibit IL-8 mR NA synthesis (de Waal Malefyt et
al. 1991).

Glucocorticoids have for many years been used as some of
the most potent anti-inflammatory and immuno-suppressive
drugs, and several studies have investigated the in vitro effects
of these drugs on TL-8 expression. Dexamethasone have been
shown to suppress the IL-8 production in PBMC (Mukaida et
al. 1989, Seitz et al. 1991), in human lung fibroblasts (Tobler et
al. 1992), and in the human fibrosarcoma cell line 8387 (Mu-
kaida et al. 1992). Further, the actions of glucocorticoids in
vitro have been confirmed in vivo where intraarticular injec-
tion of betamethasone results in an almost total inhibition of
spontaneous IL-8 production in synovial fluid mononuclear
cells (Seitz et al. 1991). Another immuno-suppressive drug,
cyclosporin A, can inhibit IL-8 mRNA expression in acti-
vated T-cells (Zipfel et al. 1991), and in human keratinocytes
(Kristensen et al. 1991). Finally, we have described an inhibi-
tory effect on IL-8 mRNA synthesis and protein release in en-
dothelial cells in vifro by the anti-inflammatory drugs D-
penicillamine, gold sodium thiomalate, and sulphasalazine
(Deleuran et al. 1992).

As, however, side-effects accompany treatment with both
steroids and cyclosporin A, development of drugs with equal
anti-inflammatory potency, but less toxicity is wanted. In the
following I describe our studies of the potent inhibitory effect
of a new synthetic leukotriene inhibitor ETH615 (Kirstein et

al. 1991) and active vitamin D (calcitriol) on IL-8 expression in
different cell types relevant for inflammatory skin diseases.

7.2. Inhibition of IL-8 production and function by the synthetic
leukotriene inhibitor ETHG615.

Both IL-8 and leukotrienes have been suggested to act as in-
flammatory mediators during the development of skin dis-
eases (Fogh K. 1990, Thomsen MK. 1991, Gillitzer et al. 1991).
Although this system was previously regarded as a separate
biochemical pathway of cell activation during inflammation,
recent research suggests that important interactions exist be-
tween [L-8 and arachidonic acid metabolites. In 1989 (A)
Schroder reported the stimulating capacity of IL-8 on leuko-
triene By production by human neutrophils, and enhanced
production of 15-HETE under identical conditions has also
been described (Fogh et al. 1992), It has been demonstrated
that LTB, can stimulate production of IL-1 (Rola-Plezczyns-
ky and Lemaire 1985) and that lipoxygenase products are cri-
tical in the activation of murine thymocytes by IL-1
(Dinarello et al. 1983). These observations suggest the exis-
tence of regulatory circuits involving 5-LO products as well
as cytokines, indicating that both groups of mediators may
enhance and possibly even substitute for some of each other’s
functions such as the promotion of leukocyte chemotaxis.
Therefore, an inhibition of the function and/or production of
IL-8 and the 5-LO product LTB,, is a desirable feature of anti-
inflammatory drugs.

Recently, Kirstein et al. (1991) described the inhibitory eft
fect of a group of synthetic substances, quinolyl-methoxyphe-
nylamines, on leukotriene biosynthesis and LTB,-directed
canine neutrophil chemotactic activity. We tested one of these
compounds, ETH6I5 (4-(2-quinolylmethoxy)-N-(3-fluoro-

Neutrophil chemotactic activity in percentage of control
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Fig.1l. Relative inhibitory effect of
ETH615 when added to neutrophils
30 min before chemotactic migra-
tion towards IL-8 (100 ng/ml), LTB, 50
(10® M) or fMLP (10 M). Migra-
tory response was calculated as che-
motactic index and the data are
brought as percentage of control.
Thus, 100% equals no use of inhibi-
tor (ETH6I5) ,i.e. maximum chemo- 0
tactic activity of either IL-8, LTB, or
fMLP. (* p <0.01). 0
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benzyl)-phenyl-aminomethyl-4-benzoic acid) for its effect on
the TL-8 mRNA synthesis and protein release from human
PBMC, as well as its actions on neutrophil and T-cell chemo-
taxis against [L-8, LTB, and Met-Leu-Phe (fMLP) (VI).

Normal human PBMC (1 x 10° cells/ml) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) with 2%
FCS. ETHS6I5 dissolved in DMSO was added to the cultures
in varying concentrations 30 min before adding 10 ug/ml
LPS. After 3 hours of incubation cells were isolated and fixed
for IL-8 mRNA detection as described before (I). For deter-
mination of IL-8 protein levels the cells were cultured over-
night before the supernatants were isolated and analyzed by
a specific ELISA.

ETHS615 inhibited in a dose-dependent manner the expres-
sion of IL-8 mRNA in LPS-stimulated normal human PBMC
without decreasing the cell viability at any concentration be-
tween 10°M and 10°*M judged by the trypan blue exclusion
test. (VI).

Using a specific ELISA-technique (Ko et al. 1992) it was
established that the inhibition of IL-8 mRNA expression by
ETH615 was accompanied by a moderate inhibition of the se-
cretion of IL-8 from LPS-stimulated PBMC cultured over-
night (IV).

Normal human PMN and T-cell chemotaxis was carried
out using the 48 well Microchamber chemotaxis assay (VI).
ETHS6IS5 also reduced the migratory response of neutrophils
towards IL-8 (100 ng/ml) as well as LTB, (10°%M), when neu-
trophils were pre-incubated with ETH6IS for 30 min before
the chemotaxis assay was carried out. The inhibitory effect
of ETH615 was dose-dependent when using either of the che-
moattractants. Concentrations of ETH615 between 107 and
10°M gave almost complete inhibition of the chemotactic re-
sponse towards either of the chemoattractants (Fig. 11). The
inhibitory effect on fMLP directed neutrophil chemotaxis
was not as pronounced and higher concentrations of
ETHG6I15 were needed.

By contrast, no effect of ETH615 could be detected on the
migratory response of T-cells against [L-8, LTB, or fMLP.

The observation that a 5-LO inhibitor also inhibits the pro-
duction of a cytokine is not unique, since Marshall et al (1991)
recently reported the potent IL-1 inhibitory effect of the syn-
thetic 5-LO inhibitor SK&F 105361, and corticosteroids can
also inhibit the production of both cytokines and metabolites
of arachidonic acid.

In conclusion, we have demonstrated the dual inhibitory
effect of ETH615 on IL-8 expression and biological activity as
well as LTB, (Kirstein et al 1991). These results support the
concept of a cytokine-leukotriene regulatory circuit.

Recent observations additionally have demonstrated the
local anti-inflammatory effect of ETH6I5 on zymosan-in-
duced dermatitis in dogs (Thomsen et al. 1991). ETH615 may
therefore be a potential therapeutic agent with an effect in in-
flammatory skin diseases, and preliminary studies have re-
vealed a small, but significant beneficial effect on eczema
caused by nickel allergy when ETHG61S was applied topically
(K. Thestrup-Pedersen, personal communication).
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73. 125(0OH)2-D3 can regulate IL-1o. induced IL-§8 expression
and production in human keratinocytes, dermal fibroblasts, and
peripheral blood mononuclear cells.

For many years it has been known that the skin takes part in
the synthesis of vitamin D5 (Holick MF. 1983). In the epider-
mis cholecalciferol is formed from previtamin D5 (7-dehydro-
cholesterol) on exposure to sunlight, but in addition,
keratinocytes possess the capacity to convert 25 hydroxyvita-
min D5 into the active vitamin D; form (1,25-dihydroxyvita-
min Dj or calcitriol) (Bikle et al. 1986). Calcitriol is present in
plasma and acts via a specific cytosol/nuclear receptor for
calcitriol, which belongs to the steriod receptor family (Ba-
ker et al. 1988). This receptor has been found in almost all tis-
sues examined (DeLuca and Schnoes 1983), indicating that
the physiological role of calcitriol is not limited to calcium
homeostasis. Several studies have shown important interac-
tions with the immune system. Activated human macro-
phages can produce calcitriol in the absence of l-x
hydroxylase activity (Rigby and Waugh, 1992). It has been de-

IL-8 mRNA expression (% of pos. contr.)

\.

—
dl

|—
[

7 : BEEE] T
80 . L | ke |} Ll , -
60 | _ _ 1 }:—I '
|

|
S

o

0 lOE-lZlﬂE-lllOE-lO 10E-9 10E-8 10E-7
Concentration of 1,25-D3 (M)

IL-8 ngml (RIA-assay)

]

L;{ i

AR

J1 0 ]
s—§ g i t ]
R 't g
(——

l;l 1055-12 lOE‘:-ll IOE:.-II} 10E-9 10E-8 10E-7
125-D3 M

M Unstim. KC [JIL-1 stim. KC

Fig 12. (a) Expression of IL-8 mRNA in cultured normal human ker-
atinocytes stimulated with 1000 U/ml rTL-lzand inhibited by varying
concentrations of 1,25(0H)2-Ds. Data are brought as percentage of
the positive control, i.e. cells stimulated with r1L-1x without addition
of 1,25(0H)»-Ds. The cells were harvested after 3 hrs. (b) Concentra-
tions of IL-8 protein in the media of normal human keratinocytes
treated similarly as described under (a)The supernatants were har-
vested after 16 hrs. Data are representative of three similar experi-
ments in both (a) and (b). .
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monstrated that calcitriol can stimulate phenotypic and func-
tional changes on monocytes (Lemire et al. 1984) and increase
cellular adherence (Amento EP. 1987). Other actions on
monocytes include decreased expression of class I HLA-
DR and CD4 antigen expression, and a marked reduction in
the capacity to present antigen (Rigby et al. 1990).

It has also been shown that calcitriol can inhibit IL-2 pro-
duction in CD4+ cells from rheumatoid arthritis patients and
controls, and it also inhibits the proliferation of CD4+ cells
after stimulation with phytohemagglutinin (Gepner et al
1989). A suppression of IL-2 and IFNy mRNA synthesis by
activated human T-lymphocytes is observed in the presence
of calcitriol (Rigby et al. 1987). Further, calcitriol is able to in-
hibit the effect of IL-1 on thymocyte proliferation, but not the
production of IL-1 by LPS-stimulated PBMC (Muller et
al.1988) or monocytes from patients suffering from rheuma-
toid arthritis (Gepner et al. 1989).

Concerning specific actions of calcitriol in the skin a re-
cent study demonstrated that the vitamin D; receptor
(VDR) is expressed in all the layers of the epidermis in nor-
mal skin, and upregulated in psoriatic skin. VDR expression
was also found on Langerhans cells and melanocytes, and on
macrophages, T-cells and endothelial cells in the dermal com-
partment (Milde et al. 1991). Calcitriol is known to inhibit
proliferation and induce differentiation of keratinocytes in
culture (Smith et al. 1986, Kragballe and Wildfang 1990), and
these effects have also been demonstrated for the synthetic
vitamin D5 analogue calcipotriol (Kragballe and Wildfang
1990). Further, the proliferation of dermal fibroblasts is inhib-
ited in the presence of calcitriol (Maclaughlin et al. 1985).
Both topical and oral treatment with calcitriol (Morimoto et
al. 1986, Smith et al. 1988) and synthetic calcitriol analogues
(Kragballe K. 1989) have proved useful in the treatment of
psoriasis. This beneficial action could mainly be due to the
effects on epidermal cell proliferation. We speculated, how-
ever, that a possible inhibitory effect on IL-8 expression and
thereby on the strong neutrophil accumulation in psoriatic
skin and joints would add to the therapeutical effect of calci-
triol in psoriasis. We therefore investigated the actions of cal-
citriol on IL-8 mRNA synthesis in and protein secretion from
cultured keratinocytes, dermal fibroblasts, PBMC, and en-
dothelial cells stimulated with rhIL-1« (I1I).

All the cell types were cultured in DMEM in the presence
of 2% FCS. Calcitriol dissolved in ethanol was added to the
cultures in varying concentrations 30 min before adding 100
U/ml rhIL-1a. Keratinocytes were stimulated with 1000 U/ml
rhIL-12 due to the reduced sensitivity of keratinocytes to-
wards IL-la stimulation with respect to IL-8 induction (II,
Larsen et al. 1989 A). For RNA studies the cells were isolated
and fixed after 3 hours of incubation, and for IL-8 protein de-
termination the supernatants were harvested after incubation
overnight. The amount of specific IL-8 mRNA was measured
by use of our quantitative Dot Blot technique (II).

A maximal inhibition of calcitriol was observed on the IL-
8 mRNA level when calcitriol was added to the culture med-
jum in concentrations of 10 M for keratinocytes (Fig. 12),
10" M for PBMC, and 10" M for fibroblasts (ITI). By con-
trast, no effect of calcitriol was observed on endothelial
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cells, which, as described above, are very potent producers
of IL-8.

Concerning IL-8 protein secretion from the same cell
types, measured by a specific IL-8 RIA (Smyth et al. 1991) a
similar pattern was seen. Maximal inhibitory concentrations
of calcitriol was 10" M for keratinocytes (Fig. 12) and PBMC,
and 10™ M for fibroblasts. Again no effect was observed on
endothelial cells (III). The lower concentration of calcitriol
required to induce maximal inhibition of TL-8 release in ker-
atinocytes, when compared to the mRNA synthesis, suggests
that the translational process is also affected. The missing ef-
fect of calcitriol on IL-8 expression in endothelial cell is at the
moment difficult to interpret, but could be due to a difference
from the other cell types in terms of vitamin D receptor ex-
pression. This, however, remains to be investigated.

In conclusion we have demonstrated that calcitriol, apart
from regulating mineral homeostasis as well as the growth
and differentiation of cells, also interacts with and regulate a
cytokine pathway responsible for the accumulation of leuko-
cytes during inflammation. Our results encourage the devel-
opment of new synthetic calcitriol analogues with potent
effects on the immune system and less effect on the calcium
metabolism if possible.

8. THE USE OF DIFFERENT CYTOKINE ASSAYS.

The role of cytokines in the pathogenesis of skin inflamma-
tion can be demonstrated by the use of different cytokine as-
says. It is, however, important to bear in mind the advantages
and limitations of a certain assay when results are inter-
preted. In the present thesis different techniques have been
used in order to seek information concerning the impor-
tance and interactions of different cytokines in inflammatory
skin diseases. The following contains a general view on the
different methods used.

The presence of specific mRNA for a mediator in cells in-
dicates an active ongoing gene transcriptional process at the
time when the cells are studied. In most cases mRNA synth-
esis is followed by detectable protein production (II), and
therefore provides useful information on the kinetics of a gi-
ven cytokine response. It is, however, important to remember
that this is not always so (Schall et al. 1992). Possible mechan-
isms for the lack of detectable cytokine protein following
mRNA synthesis include absorption to receptors (Symons et
al. 1988), degradation by enzymes, inhibition by antagonists
or translational regulation by other cytokines (Feldmann et
al. 1991).

The presence of cytokine protein can.be measured in dif
ferent ways: By bioassays, by immuno-chemical techniques,
or by immunohistochemistry. The bioassays have the advan-
tage that they ensure the cytokine is functional and not de-
graded or neutralized. Their disadvantage is that they are
often not molecule-specific, but detect the activity of several
cytokines. It is therefore important to use neutralizing antibo-
dies raised against recombinant cytokines to demonstrate the
specificity of the assay. Proper RIA and ELISA assays are mo-
lecule-specific and therefore give accurate measurements of



the presence of a given cytokine. They do, however, not distin-
guish between biologically active and inactive substances and
reflect the net outcome of produced, absorbed and degraded
cytokine protein.

Immunohistochemistry differs from the above mentioned
methods in the way that it is not directly quantitative. It does,
however, allow localisation of cytokine producing cells in tis-
sues or cytospins, providing information about the complex
dynamics of cytokine interactions in inflammatory sites.
When immunohistochemical methods are used it is crucial
to include proper controls to avoid the presence of unspecific
staining. Other problems include diffusion artifacts, destruc-
tion of epitopes by the used fixative and masking of epitopes
by cross-linking fixatives (Anttila et al. 1990). These problems
can often be solved by experimenting with a range of fixatives
at different temperatures and fixation times, by enzyme treat-
ment of the tissues and by the use of a number of specific anti-
bodies.

In future studies it will therefore be valuable to use differ-
ent techniques and approaches for cytokine measurement as
every method has its advantage and limitation. Taken to-
gether the methods can provide useful information on the
complex cytokine interactions involved in inflammation.

9. CONCLUSIONS.

This thesis demonstrates the ability of different cell types in
human skin to express the chemotactic cytokines IL-8 and
MCAF. Further it describes the presence of IL-1 and TNF,
the potent endogenous inducers of IL-8 and MCAF, and
their receptors in normal and diseased skin. The possibilities
for autocrine and paracrine stimulation are discussed. Final-
ly, the regulatory effect on IL-8 expression and biological
function of different drugs and endogenous mediators is pre-
sented.

On the basis of the obtained data the following conclusions
can be made:

1. Itis possible to isolate sufficient amounts of pure and un-
degraded RNA from epidermal suction blisters to look for
the presence of specific mRNA species. This method can
provide useful information on the in vive expression of epi-
dermal mediators, and avoids the presence of a possible
contamination with dermal components.

2. By use ofa new quantitative dot blot technique it is demon-
strated that IL-la stimulated endothelial cells in vitro
synthesize large amounts of IL-8 mRNA compared to ker-
atinocytes. IL-1o stimulated monocytes and dermal fibro-
blasts express intermediate amounts.

3. When studying MCAF we observed a similar pattern of
changes as for IL-8 when the above mentioned four cell
types were tested for their ability to express MCAF mRNA
upon IL-lx stimulation. These results indicate a common
pathway of activation for IL-8 and MCAF, which both be-
long to the inflammatory peptide supergene family,
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4. By immunohistochemical techniques it is demonstrated
that IL-l¢, the IL-IR1, and IRAP is present in the same
cell types in both normal and psoriatic skin in vive. These
observations create the possibility of both stimulation and
inhibition of IL-1 mediated actions. A down-regulation of
IRAPexpression was observed in psoriatic lesional epider-
mis.

5. TNFu and the p55 TNF-R are expressed in both normal
epidermis and epidermis from involved psoriasis skin in
vivo. By contrast, the p75 TNF-R is not expressed in the
epidermis. These results indicate that the actions of TNFax
in the human epidermis are carried out via the p55 TNF-
R.

6. A known 5-LO inhibitor, ETH-615, is shown to inhibit IL-8
expression and biological function in vitro. These results
support the concept of a cytokine-leukotriene regulatory
circuit and may add to the explanation why ETH-615 inhi-
bits zymosan-induced dermatitis in dogs.

7. The active compound of vitamin Ds, calcitriol, is demon-
strated to inhibit IL-8 mRNA expression and protein re-
lease in human keratinocytes, dermal fibroblasts, and
PBMC in vitro. These effects could add to the beneficial ef
fect of this compound due to its regulatory effects on cell
proliferation and differentiation, observed in the treat-
ment of psoriasis.

10. PERSPECTIVES AND FUTURE STUDIES.

Chronic skin inflammation may occur due to a dysregulation
of the cytokine cascade in cells. As described in this thesis
large variations exist in the ability of different cell types to ex-
press the chemotactic cytokines IL-8§ and MCAF. Whether
the ability to regulate IL-8 or MCAF expression will influ-
ence the risk for an individual to aquire a chronic inflamma-
tory skin disease remains to be shown.

Future studies should also focus on the characterization of
specific cytokine regulators and possible targets for therapeu-
tical intervention. We are at present examining the effects of
IL-10, also known as cytokine synthesis inhibitory factor
(CSIF). We have shown that IL-4 and IL-10 can down-regu-
late IL-8 production in chronic activated synovial joint fluid
cells from patients suffering from rheumatoid and psoriatic
arthritis (Deleuran et al. 1993). In addition, IL-10 can selec-
tively inhibit the chemotactic response of purified CD4+ T
cells towards IL-8 (Jinquan et al. 1993) and it inhibits mRNA
synthesis and protein production of IL-8 and several other
cytokines in human monocytes (de Waal Malefyt et al. 1991).
IL-10 is therefore an endogenous mediator, which might
prove useful in the treatment of inflammatory skin disease.

The observations presented in this thesis, combined with
the results of others, indicate that MCAF and IL-8 play a sig-
nificant role in the recruitment of cells and maintenance of
inflammation. Another therapeutical approach in the future
would therefore be development of specific humanised anti-
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bodies, which could block the activity of these cytokines.
Although these studies are still at an early stage, animal mod-
els point towards an effect of monoclonal anti-IL-8 antibodies
in preventing skin inflammation. In preliminary studies we
have shown that intravenous injection of the neutralizing IL-
8 antibody WS-4 in rabbits dramatically reduce the size of tu-
berculin reactions and that the leukocyte accumulation in
skin is significantly suppressed when compared to control an-
imals treated with an isotype control antibody.

. 1. SUMMARY IN DANISH

Afhandlingen diskuterer induktionen og regulationen af de
pro-inflammatoriske peptider interleukin-8 (IL-8).og mono-
cyt kemotaktisk og aktiverende faktor (MCAF) under nor-
male forhold og ved inflammatoriske hudsygdomme.
Undersogelserne er udfort in vitro pa dyrkede celler i kultur.
IL-8 er en kendt neutrofil og T-lymfocyt kemotaktisk faktor,
mens MCAF aktiverer og inducerer vandring af monocytter.
Disse cytokiner er af betydning for tiltreekningen og vandrin-
- gen af de nzvnte celletyper fra blodbanen og ind i vy, herun-
der huden, hvor en inflammatorisk/immunologisk reaktion
er i gang. Da interleukin-1 (IL-1) og tumour necrosis factor o
(TNFu) er kendte potente endogene stimulatorer af IL-8 og
MCAF ekspression i mange celletyper er lokalisationen af
disse cytokiner samt deres receptorer og det nyligt klonede
interleukin 1 receptor antagonist protein (IRAP) undersegt i
biopsier fra syg og rask hud. Endelig har vi undersogt forskel-
lige aspekter af virkningen af en kendt 5 lipoxygenase inhibi-
tor ETH6I5, samt af det aktive derivat af vitamin Ds,
calcitriol, pa IL-8 produktion og aktivitet.

De beskrevne undersegelser giver anledning til felgende
konklusioner:

1. Det er muligt at isolere tilstreekkelige m@ngder af rent og
intakt total RNA fra epidermale suction blisters til at un-
dersoge for tilstedeveerelsen afen specifik messenger RNA
species vh.a. Northern blot eller dot blot teknikker. Denne
metode kan anvendes nar information om in vivo ekspres-
sion af epidermale mediatorer enskes, uden kontamine-
ring af preven med dermale komponenter.

2. Ved hjzlp at en nyudviklet kvantitativ dot blot teknik de-
monstreres det at endotel celler, stimuleret med interleu-
kin 1o (IL-l2), in vitro syntetiserer store meaengder
interleukin 8 (IL-8) mRNA sammenlignet med stimule-
rede keratinocytter. Monocytter og dermale fibroblaster
udtrykker intermediere mangder IL-8 mRNA pa det
navnte stimuli.

3. MCAF mRNA expressionen i de ovennzvnte 4 celletyper
viste en fordeling som ligner IL-8 ekspressions mensteret.
Disse resultater peger pa en feelles aktiverings- og regula-
tionsmekanisme for IL-8 og MCAF, som begge tilhorer en
supergen familie af inflammatoriske peptider.
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4. Ved immunhistokemiske undersegelser pa vevssnit de-
monstreres det at IL-1a, type 1 IL-1 receptoren (IL-1-R1)
og IRAPer udtrykt pa de samme celletyper i bade normal
hud og hud fra psoriasis patienter. Dette sammenfald dan-
ner mulighed for bade stimulation og inhibition af IL-1
medierede virkninger og fundene understreger at en un-
dersogelse af begge disse forhold er vigtig ndr et mulig cel-
lulert immunologisk respons enskes klarlagt. IRAP
ekspressionen i involveret psoriasis epidermis var nedsat i
forhold til ekspressionen i normal hud og ikke involveret
psoriasis hud.

5. TNFu og 55 kDa TNF receptoren, men ikke 75 kDa TNF
receptoren, er til stede i badde normal epidermis ogi epider-
mis fra involveret psoriasis hud in vivo. Disse resultater vi-

serat TNF medierede virkninger i epidermis induceres via
55 kDaTNF receptoren.

6. En kendt 5-lipoxygenase inhibitor, ETH6IS5, er i stand til at
h&mme [L-8 mRNA ekspression og biologisk aktivitet in
vitro. Disse resultater stotter hypotesen om en cytokin-leu-
kotrien regulatorisk cirkel og kan vare medvirkende til at
forklare hvorfor ETH6I5 har en lokal anti-inflammatorisk
effekt pa zymosan-induceret dermatitis hos hunde.

7. Den aktive metabolit af vitamin D5, 1,25(0OH); -cholecalci-
ferol eller calcitriol kan hemme IL-8 mRNA ekspression
og protein produktion i humane keratinocytter, dermale
fibroblaster og mononuclezre blodceller in vitro. Disse
virkninger kan sammen med den kendte virkning pa celle-
proliferation og differentiering, medvirke til den observe-
rede gunstige effekt af calcitriol og derivater heraf pa
psoriasis.

Afhandlingen viser sdledes at en rekke forhold er af betyd-
ning for udviklingen af et hud-inflammatorisk respons, her-
under tilstedevarelsen af specifikke cytokin receptorer,
aktivatorer og inhibitor. Under normale forhold vil disse fak-
torer danner grundlag for en balance, der ved sygelige til-
stande kan forstyrres og give anledning til inflammation. En
kombination af molekylerbiologiske teknikker, biologiske as-
says samt immunhistokemi til maling af regulationen af cyto-
kiners ekspression kan medvirke til en afklaring af disse
forhold.
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