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Generall introduction and aims of the thesis

Psoriasis:: a clinical entity
Psoriasiss is a common skin disease with a prevalence of approximately 2% around the
world.. It is certainly not a new entity as it had already been described by Hippocrates
(460-3777 BC). Early in the 19th century, the Viennese dermatologists Hebra and Kaposi
definedd psoriasis as a separate disease entity \
Theree are various clinical presentations of psoriasis. The most common type of psoriasis is
plaque-typee psoriasis which is characterized by erythematous, scaling, elevated and welldefinedd lesions preferentially located on the extensor parts of the body and the scalp.
Theree are different presentations of plaque-type psoriasis according to the distribution and
thee size of the lesions. Numerous small, eruptive and coin-like plaques distributed all over
thee body, sparing palms and soles, are seen in guttate type of psoriasis vulgaris. On the
otherr hand, erythrodermic psoriasis is characterized by a generalized erythema and
desquamation.. In case of flexural psoriasis, psoriatic plaques are preferentially located on
thee flexor surfaces such as axillae, submammary region and groins. Palms and soles can be
thee only manifestation site of psoriasis as well. Pustular psoriasis, which is out of the scope
off this thesis, is characterized by pustular lesions. According to its localization, it is divided
intoo localized and generalized forms. In addition to the skin involvement, an inflammatory
arthritiss can develop by psoriasis patients which can affect peripheral and/or axial joints.
Prognosiss remains as unpredictable as it was almost 200 years ago when it was described
ass a separate disease entity. Although it is rarely a life threatening disease, it is impossible
too say how long the disease will last, whether a relapse will occur, or for what period of
timee the patient will remain free from psoriasis. In a recent study it was shown that psoriasis
patientss have more experiences of stigmatization related to their disease compared to the
otherr skin diseases. This means that these patients feel rejected, flawed, guilty and ashamed
becausee of their disease leading them to major social and psychological difficulties 2.

Pathogenesiss of psoriasis
Histopathologyy of psoriasis. Psoriasis is characterized by 3 major histological changes:
/,, Epidermal thickening, parakeratosis and hyperkeratosis; ii, capillary dilatation in dermal
papillae;; /'ƒ/', and mononuclear and polymorphic cell infiltration in dermis and epidermis.
Alll these changes contribute to the clinical picture in different ways. Thickening of skin is
causedd by increased thickness of epidermis while erythema is caused by dilated capillaries
inn dermal papillae. The characteristic silvery scaling of lesions is related to the hyper- and
parakeratosis3. .

Despitee the intensive efforts to reveal the etiopathogenesis of psoriasis, the exact mechanism
off the formation of skin lesions is still unknown. Psoriasis is commonly accepted as a
chronicc inflammatory disease with an abnormal proliferative activity of keratinocytes which
iss caused by activated type 1 cytokine producing lesional T cells. However, it is not known
howw and why these cells get activated. T cells appear early in the lesions and cause a
generall chronic inflammatory status in the lesional area. Many different cell types residing
inn the skin eventually become activated such as endothelial cells, mast cells and fibroblasts
whichh seem to potentiate type 1 cytokine phenotype and keratinocyte proliferation4 7. The
literaturee on the etiopathogenesis of psoriasis is too broad and detailed to include all of its
aspectss in this introduction. Because of this, the introduction will be limited to the role of T
cells,, keratinocytes and neutrophils in psoriatic lesion formation as they are the major focuses
off this thesis. First, a brief overview on the genetical aspects of this disease will be discussed.
Genetics.. There is no doubt that psoriasis has a genetic basis. There is a high degree of
concordancee of psoriasis in monozygotic twins 8 and the disease tends to cluster in some
families.. Individuals who carry the major histocompatibility complex class I molecule
HLA-Cw66 allele have a 10-20-fold increased risk to develop psoriasis 9. Although the
associationn between this allele and the development of psoriasis is strong it seems that
manyy other genes contribute to the development and severity of psoriasis. Independent
genome-widee scans suggested many psoriasis susceptibility loci as reviewed by Capon et
all

10

. However, PSORS1 on chromosome 6p21.3 showed the strongest association with

psoriasiss as demonstrated by different groups1117. This locus contains genes coding for HLAC,, corneodesmosin (Cdsn), and alpha-helix coiled-coil rod homolog (HCR) which were
foundd to be expressed at higher levels in psoriatic lesional skin than in normal skin

1820

.

Thesee changes in diseased skin could explain the epidermal hyperprol iteration (Cdsn and
HCR)) and, probably, mononuclear cell infiltration in the lesion (HLA-C). Recently, a metaanalysiss of genome-wide studies on five Caucasian and one Chinese Han populations
revealedd that in addition to PSORS1, a second locus named PSORS9 on chromosome
4q28-q31,, leads to susceptibility to psoriasis both in Northern European and Asian
populationss 21. In general, psoriasis is still regarded as a "multifactorial" disease in which
variouss genes and environmental factors are involved in the appearance of lesions and the
progresss of disease.

Centrall role of T cells in the psoriatic inflammatory reaction. At the end of the
1970s,, a possible role of T cells in the immunopathogenesis of psoriasis was introduced22.
Itt appeared that the earliest change in psoriatic lesions is the influx of mononuclear cells
intoo the dermis and epidermis. The studies from the last two decades showed that these
mononuclearr cells which were identified to be T cells play a major role in the formation of
skinn lesions. There are many findings which contribute to our present knowledge on the
rolee of T cells in psoriasis:
1.. Köbner-initiated and spontaneous eruptions of new psoriatic lesions are associated
withh the migration of T cells into the epidermis 23,24.
2.. Intradermal injection of interferon (IFN)-y (a T cell derived cytokine) can trigger psoriatic
lesionss in non-lesional skin 25.
3.. Specific T-cell suppressors are effective as psoriasis therapy2627.
4.. T cell clones isolated from psoriatic lesions induce the proliferation of keratinocytes28,29.
5.. Bone marrow transplantation from a psoriatic donor caused the development of psoriatic
skinn lesions in the transplant recipient30.
6.. In an animal model with severe combined immunodeficient (SCID) mice showed that
micee engrafted with symptomless skin developed psoriatic plaques when the grafts
weree injected with blood derived T cells 31.
Inn the early 1980s, T cells in the dermis and epidermis of skin lesions were identified as
beingg CD45RO+ memory T cells 3234. In addition, these cells express activation markers
CD699 and CD25 showing that they are activated T cells 35-36.
Althoughh not as strict as in mouse models, human T cells are roughly divided into two
majorr groups according to their cytokine expression: Type 1 and type 2 cytokine expressing
TT cells. Both CD4+ helper and CD8 + cytotoxic T cells can show this distinction at different
degreess 37_39. Because of this reason, we prefer to use the terms "type 1 T cells" and "type
22 T cells", instead of Thl and Th2 T cells, which only refer to the CD4+ T cells. Although
numerouss cytokines were described to be expressed by type 1 (i.e. IFN-y and tumor necrosis
factorr (TNF)-p), type 2 (i.e. interleukin (IL)-4 and IL-5) or both (i.e. IL-3, TNF-a and
granulocytee macrophage-colony stimulating factor) cell types, IFN-y and IL-4 are used in
mostt studies as exclusive markers of type 1 and type 2 T cells, respectively. This distinction
seemss to be important as type 1 T cells are mostly involved in the defence against intracellular
microorganismss and tumor cells, while type 2 T cells play a major role in the clearance of
extracellularr microorganisms such as helminths39. The balance between these two immune
responsess is important. Preference to mount type 1 or type 2 cytokine-mediated immune
responsee can determine the clinical expression of a disease. A good example is leprosy

wheree the clinical picture and prognosis can differ in great extent depending on the
developmentt of type 1 or type 2 immune response 40. Similarly, the disturbance of this
dichotomyy was demonstrated to be important in the development of various immune-mediated
diseases4M2.. As concerns psoriasis, most investigators agree on the predominance of type 1
cytokinee expression in peripheral blood cells and skin lesions in this disease 36-4;M6. The
majorr type 1 cytokine, IFN-y, is expressed in high amounts in psoriatic skin and is
demonstratedd to contribute to the major histological finding of psoriasis which is the
hyperproliferationn of keratinocytes (discussed in detail in one of the next sections with the
headingg Disturbance of epidermal cell homeostasis in psoriatic skin).
Regulationn of type 1 and type 2 cytokine production is a complex process which involves
thee contribution of many factors (discussed in the next section entitled Role of keratinocytes
inin the deviation of type 1/ type 2 immune responses). It is clear that antigen presenting
cellss (APC) play a major role in the education of naïve T cells to develop into type 1 or type
22 cytokine-producing effector cells or, into the recently described, regulatory T cells. Antigen
specificc contact between APC and T cells via the T cell receptor (TCR) and concurrent
triggeringg of co-stimulatory molecules are necessary events for this development (Figure 1).
Inn addition to that, soluble factors produced by APC, but also many other different cell
types,, seem to contribute to the determination and preservation of the T-cell cytokine
profile.. This helps to maintain a sustained immune response as long as this response is
needed47.. Finally, the immune response has to be switched off by regulatory mechanisms
too avoid unnecessary damage to tissues. This is, at least partially, achieved by apoptosis of
activatedd T cells 48. However, if (for unknown reasons) uncontrolled continuation of the
mountedd immune response takes place, the site of inflammation remains chronically
activatedd as in the case of psoriasis. In connection with this, it is of interest to mention that
cytotoxicc and helper memory T cells can undergo proliferative renewal in the absence of
MHCC class l and class II molecules i.e. without the antigen presentation, respectively49'50.
Inn addition, some agents such as polyinosine:cytosine (poly l:C), lipopolysaccharides (LPS)
andd CpG oligodeoxi nucleotides together with tissue factors which are found in the inflamed
sites,, such as IL-15, are found to stimulate the proliferation of bystander memory T cells in
ann antigen independent fashion51'53. In case of psoriasis, it was shown that part of the T
cellss within the lesional skin is proliferating 54. Very recently, it was demonstrated in an
animall model that local proliferation of T cells, without the influx of circulating T cells, is
enoughh to initiate psoriatic lesions in nonlesional areas 55. The continuous presence of
highh numbers of activated T cells in the psoriatic lesional skin can result in perpetuation of
thiss chronic inflammation.

Figuree 1. Attraction and interaction between cells in psoriatic skin. The interaction of keratinocytes (KC), T
cellss (T) and dendritic cell (DC) is complex in the psoriatic skin. The contact between these cells is important
too recruit dendritic cells and T cells into the inflamed skin as well as to start and maintain the immune
response.. This interaction is achieved by cell surface molecules such as ICAM-1/LFA-1 and soluble factors
andd chemokines such as IL-8/CXCR-1/2.

Rolee of keratinocytes in the deviation of type 1 / type 2 immune responses.
Recently,, significant progress has been made in the understanding of factors causing a
typee 1 cytokine-mediated immune response (Figure 2). For many years, it was thought that
thee major mediator of the type 1 T cell phenotype was IL-12, which is a heterodimeric
cytokinee formed by p40 and p35 subunits and is secreted mainly by dendritic cells and
macrophages.. It induces IFN-y expression in naïve T cells and NK cells

56

. This cytokine

wass also found to be secreted by other cells like neutrophils and keratinocytes, although
thee expression level was not high 5758 . IL-12 is expressed in high amounts in so called type
11 cytokine-mediated diseases which are characterized by an imbalance between type 1
andd type 2 cytokines in favor of type 1 cytokines 5961 . Interestingly, studies showed that the
p400 subunit of IL-12 was more important than the p35 subunit in the induction of
autoimmunee diseases, such as experimental autoimmune encephalitis, 62 . This finding gained
aa special meaning when it was discovered that p40 is a subunit of another cytokine named
IL-233

63

. In the biologically active heterodimer of IL-23, p40 is bound to a p19 molecule.

Althoughh IL-12 and IL-23 are undoubtedly similar in structure, they were found to have
distinctt roles in the development of type 1 immune responses. IL-23 was described, unlike
IL-12,, to have an effect on the proliferation and cytokine secretion of memory T cells. IL233 can induce the expression of proinflammatory cytokine IL-17 by memory T cells, while
IL-122 cannot 6 4 . Recently, another member of the so-called IL-12 family of cytokines was
describedd which was named IL-27. IL-27 is also a heterodimeric cytokine formed by a p28
subunit,, resembling the p40 subunit of IL-12 and IL-23 and Epstein-Barr virus-induced
genee 3 (EB-I3), which resembles to p35 subunit. IL-27 synergizes with IL-12 to activate

naïvee T cells and has no effect on memory T cells. It seems to be the very initial cytokine
att the development of type 1 T cells as its receptors are found in undifferentiated T cells
beforee the appearance of receptors for other IFN-y-inducer cytokines 65 . In addition to the IL122 cytokine family, other cytokines were also reported to be important in the induction of
typee 1 immune responses. IL-15 (having resemblance to IL-2) and IL-18 (resembling IL-1)
weree found to contribute to the development of type 1 T cells bb. They are both secreted by
aa wide variety of cells 67'68. Very recently, IL-21 was reported to synergize with IL-15 and IL188 to enhance the expression of IFN-y by T and NK cells as w e l l 6 6 . It is a cytokine which is
mainlyy produced by activated T cells 69 . Another research group suggested that IL-21 suppresses
thee development of type 1 immune response70 showing that the real contribution of this
cytokinee to the type 1/ type 2 immune deviation should further be investigated.

IL-23 3
p40-p19 9

Figuree 2. Regulation of type 1 T cells (T) by cytokines.
Recently,, new cytokines are added to the list of "IFN-y
inducers".. In addition to the very well known IL-12, IL15,, IL-18, IL-23 and IL-27 contribute to the development
andd maintenance of IFN-y expressing type 1 T cells.

IL-18 8

IL-12 2
p40-p35 5
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IL-27 7

IL-15
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Ass it is demonstrated in many studies, keratinocytes do not simply form a physical barrier
betweenn the organism and the environment. They have a major contribution to the
immediatee non-specific innate immune response and are functionally involved in specific
immunee response by communicating with other immunocompetent cells via the release of
cytokiness and by interaction of membrane molecules during cell-cell contact. It is interesting
too note that keratinocytes can play a role in the balance between type 1 and type 2 cytokine
responsess as well (Figure 3). As type 1 cytokine expressing T cells are important for the
developmentt of chronic inflammation and keratinocyte proliferation in psoriatic lesional
skin,, cytokines secreted from keratinocytes can affect the development and maintenance
off type 1 immune response in the inflamed skin. Expression of p35 and p40 subunits of IL122 was demonstrated at mRNA level in keratinocytes. IL-12 p35 was found to be

constitutivelyy expressed while p40 expression was inducible with allergens. In addition to
that,, IL-12 heterodimer was detected in the supernatants of activated keratinocytes

58

. In

anotherr study, both subunits of IL-12 mRNA were found to be constitutively expressed

71

.

Inn psoriatic lesional biopsies, IL-12 p40 subunit was found to be expressed higher than in
normall and nonlesional skin, while the expression of p35 subunit was equal in lesional,
nonlesionall and normal skin. Surprisingly, IL-12 p70 heterodimer was detected in situ mainly
inn the dermal cell infiltrate, but not in keratinocytes

72

. Having in mind that the p40 subunit
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off IL-12 is shared by IL-12 and IL-23, it would be interesting to know whether keratinocytes
aree capable of expressing the p19 subunit of IL-23 and eventually bioactive IL-23. If this is
thee case, the expression of IL-12 /IL-23 p40 subunit by keratinocytes gains another dimension

17 7
OO

ass IL-23 was described to be important for the activation of type 1 memory T cells.
Thee first study describing the expression by IL-15 from keratinocytes was conducted to
demonstratee that IL-15 was induced in the skin after ultraviolet (UV) B exposure

73

. IL-15

wass found to be induced after UVB exposure in the HLA-DR" cell population from epidermal

CC
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sheetss (presumed to be keratinocytes) and in cultured keratinocytes. In contrast, another
studyy showed that the constitutive IL-15 mRNA expression in human keratinocytes was
downregulatedd by UVB exposure

74
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. However, in a third study it was claimed that the
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Figuree 3. Cytokines involved in the inflammatory process in psoriatic lesions. Many cytokines play a role in
thee inflammatory process in the psoriatic skin. The bombardment of cytokines on dendritic cells (DC), T cells
(T)) and keratinocytes (KC) result in the activation, migration, recruitment and proliferation of these cells. T
cellss appear to be central in this inflammatory process.

expressionn of IL-15 was not constitutive, because it can not be detected in fresh keratinocytes,
butt could be induced during culturing upon stimulation 75. An interesting finding was that
IL-155 could inhibit the apoptosis of keratinocytes. Because the expression of IL-15 was
foundd to be increased in psoriatic lesional keratinocytes, it was suggested that IL-15 might
playy a role in the increased epidermal thickness by inhibiting apoptosis of keratinocytes76.
IL-188 is another candidate which might be important in the maintenance of type 1 immune
responsee in chronically inflamed skin as a potent inducer of IFN-y in activated T cells.
Humann keratinocytes were found to express IL-18 at mRNA level and intracellular^ at
proteinn level. Its in situ expression is increased in psoriatic lesional epidermis

77

. This

78 79

findingg was confirmed by other groups < . Overall, it appears that keratinocytes are able
too express several cytokines which might induce and/or maintain type 1 cytokine response
inn chronically inflamed skin (Figure 3). Further studies are needed to reveal the expression
off newly-described IFN-y-inducing cytokines in keratinocytes and their possible contribution
too the development and maintenance of psoriatic lesions.

Cross-talkk of keratinocytes with immunocompetent cells in the psoriatic skin.
Psoriaticc keratinocytes express molecules which enable them to communicate with the
immunocompetentt cells. Keratinocytes in psoriatic lesional skin were found to express
majorr histocompatibality complex class II molecule HLA-DR, intercellular adhesion
moleculee (ICAM)-1, costimulatory moleculeCD40, chemokines IL-8/CXCL8, IFN-y-induced
proteinn of 10 kDa (IP-10/CXCL10), monokine induced by IFN-y (Mig/CXCL9), monocyte
chemoattractantt protein-1 (MCP-1/CCL2), and regulated-on-activation, normal-T-cellexpressedd and -secreted (RANTES/CCL5), macrophage inflammatory protein-3a (MIP-3a/
CCL20),, E-cadherin, psoriasin and CDw60 which enable them to attract and activate T
cellss in the lesional skin that express relevant ligands / receptors lymphocyte functionassociatedd antigen-1 (LFA-1), CD40L, CXCR1, CXCR3, CCR2, CCR4, CCR6 and integrin
aEp780911 (Figure 1). The high expression of CD1d in the psoriatic skin presumably plays a
rolee in the activation of natural killer (NK)-T cells (T cells bearing NK cell receptors) which
cann be found in the lesional skin92. Many, if not all of the inflammation-related molecules
expressedd by keratinocytes were found to be induced by IFN-y and TNF-a indicating that
thesee cytokines, mostly produced by T cells, play a major role in the activation of
keratinocytess

93

. Supernatants of lesional, but not normal keratinocytes, induced the

activationn of purified CD4+ T cells emphasizing that keratinocytes are capable of producing
solublee factors to activate T cells and to propagate the skin inflammation

94

. Vice versa,

supernatantsofTcelll clones from lesional skin cause increased proliferation of nonlesional
keratinocytess 28<9596. Altogether, these studies reveal that there is a significant cross-talk
betweenn keratinocytes and T cells in the inflammatory reaction within the psoriatic skin.

Disturbancee of epidermal cell homeostasis in psoriatic skin. The most striking
histologicall change of psoriasis lesions is the epidermal thickening. Because of this, psoriasis
wass originally thought to be caused by a major defect in keratinocytes. It was demonstrated
thatt psoriatic keratinocytes had an increased capacity to proliferate 97~". The maturation
cyclee of psoriatic keratinocytes is approximately 10-fold faster as compared to that of
normall keratinocytes. Abnormally proliferating keratinocytes in psoriatic skin were identified
ass stem cells which entered six- to seven-fold more into the S-G2+M phase of the cell
cyclee compared to the normal keratinocyte stem cells 29. The enhanced proliferation was
explainedd by the increased expression of growth factors for keratinocytes such as
transformingg growth factor (TGF)-a, amphiregulin, keratinocyte growth factor (KGF),
epidermall growth factor (EGF) and insulin-like growth factor (IGF)-I and increased expression
off receptors for these growth factors such as IGF-I receptor and KGF receptor in the lesional
skinn as compared to normal skin 10

104

. Not only growth factors, but also cytokines were

foundd to contribute to the abnormal proliferative response of keratinocytes in lesional
skin.. IL-6 was described to be expressed in lesional skin and to cause hyperproliferation of
keratinocytes10S.. IFN-y, which is known by its antiproliferative effects on normal keratinocytes
inn vitro, was found to cause less growth inhibition in keratinocytes from the lesional skin
showingg that these keratinocytes have an intrinsic proliferative defect as well

106

. In one

study,, IFN-y was reported to increase keratinocyte proliferation when it is injected
intradermallyy into normal human skin

107

. Another study revealed that IFN-y-stimulated

psoriaticc keratinocytes show a decreased signalling via transcription factors interferon
regulatoryy factor-1 (IRF-1) and signal transducer and activator of transcription (STAT)-1a,
ass compared to normal keratinocytes which suggests a fundamental defect in the growth
andd differentiation control of psoriatic keratinocytes108. Similarly, an intrinsic defect of the
calciumm metabolism of psoriatic keratinocytes was determined supporting the view that
keratinocytess are altered in psoriatic skin

109

. Basement membrane alterations such as

gaps,, folding, and reduplication of the epidermo-dermal basement membrane were
describedd as a result of epidermal overexpression of matrix metalloproteinase (MMP)-2
andMMP-19aswell 110 ' 111 . .
Keratinocytess from lesional skin show several more phenotypical alterations. Keratin types

K6,, K16 and K17 which are expressed in hyperproliferative conditions of the skin such as
woundd healing, but not in normal skin, are highly present in psoriatic lesional skin

112

.

However,, this aberration is probably not a primary defect, but rather caused by soluble
factorss in the inflamed lesional skin. Normal keratinocytes can express these markers as
welll upon in vitro stimulation with growth factors as demonstrated by the induction of K1 7
onn keratinocytes after IFN-y and IL-1 p stimulation 113. In addition to their increased capacity
off proliferation, keratinocytes seem to be more resistant to apoptosis as compared to normal
keratinocytes m .. The expression of cathepsin D and zinc-alpha(2)-glycoprotein, two catalytic
enzymess associated with apoptosis and desquamation, were upregulated in normal
keratinocytes,, but not in psoriatic keratinocytes, after IFN-y stimulation

115

. Aberrant

expressionn of differentiation markers were recognized in lesional keratinocytes. Involucrin
andd filaggrin, epidermal proteins playing a role in differentiation and maturation, are
abnormallyy distributed in the psoriatic skin as compared to normal skin 116. Transglutaminase
whichh contributes to the terminal differentiation of keratinocytes and the formation of the
cornifiedd envelope was found to be expressed higher in psoriatic skin as compared to normal
skinn 117. Another protein which is found to be expressed higher in lesional epidermis than in
nonlesionall and normal skin is the aforementioned Cdsn 18. It is functional in the adhesion of
terminallyy differentiated keratinocytes and therefore can play a role in the epidermal changes
inn psoriatic skin.
Polymorphonuclearr leukocytes in psoriatic lesions. The presence of polymorphonuclearr leukocytes is a striking histological feature of psoriasis lesions. These cells infiltrate
thee dermis and they collect in the epidermis to form Munroe's microabscesses. However,
inn the dermal infiltrate of advanced lesions only a single or a few polymorphonuclear
leukocytess could be seen 118. Initial studies in the late 1970s indicated that complement
cleavagee products, e.g. C3a, in the scales were found responsible for the chemotaxis of
thesee cells to the lesional skin
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. In the 1980s, peritoneal dialysis was suggested as an

effectivee therapy for extensive psoriasis in order to decrease the number and activity of
neutrophilss in the peripheral blood
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. In addition, methotrexate, an effective therapy for

psoriasiss also appeared to inhibit the chemotaxis of neutrophils121. Further, in vitro studies
too explain the polymorphonuclear cell infiltration to the lesional skin revealed that the activated
mononuclearr cells could produce chemoattractive factors for neutrophils 122. In addition to
that,, newly formed lesions are found to be sequentially invaded by mononuclear cells
followedd by neutrophils123. Increased IL-8 receptor (CXCR1/CXCR2) expression was also

determinedd in neutrophils from psoriatic patients as compared to the normal controls, which
cann explain their increased migration into the lesional skin
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. Later on, psoriasin was

describedd as a chemotactic factor for neutrophils in the lesional skin125. Some authors suggested
thatt neutrophils could be important in the island-like, "acute" inflammatory changes seen
withinn the chronic inflammatory changes in the lesions mediated byy T cells12e. The presence
off neutrophils seems to be important for the perpetuation of skin lesions as agranulocytosis
hass been reported to result in the remission of psoriasis 127. The contribution of neutrophils
too the hyperproliferation of keratinocytes was supported by the studies showing that human
leukocytee elastase could cause in vitro and in vivo keratinocyte hyperprol iferation
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Acutee generalized exanthematous pustulosis, another disease characterized by acute,
extensivee formation of nonfollicular sterile pustules on an erythematous background was
foundd to be mediated by T cells. This suggests that neutrophils in the cutaneous inflammatory
processess could be orchestrated by T cells by their IL-8 expression129.

Innatee immune response participates in psoriatic inflammatory response. Recent
studiess showed that the innate immunity might contribute to the pathological changes in
psoriaticc skin 13 . The immune system can conduct an immediate aspecific reaction against
encounteredd antigens which is called the innate immune response. This response is very
importantt for the protection of the organism at the places where frequently many antigens
aree met, such as the respiratory tract, urinary tract, gastrointestinal tract and skin. Recent
studiess showed that antimicrobial peptides, which can be synthesized in high amounts in
polymorphonuclearr leukocytes, can also be produced by keratinocytes after an antigenic
challenge.. Studies showed that the functioning of keratinocytes in innate immunity is altered
inn psoriatic lesions. Two major classes of these peptides are b-defensins and cathelicidins,
whichh have antimicrobial activities against bacterial, viral, and fungal pathogens.
Keratinocytess were found to express human b-defensin (HBD)-1, HBD-2, HBD-3 and
cathelicidinn LL-37. These peptides were shown to be important for the defense of the skin
againstt bacteria. HBD-2, HBD-3 and cathelicidin are expressed in high quantities in psoriatic
skinn lesions 131133. Various defensins were described to have chemotactic activity for dendritic
cellss and T cells as well. For example, HBD-2 can bind to CCR6 which causes chemotaxis
off immature dendritic cells and lymphocytes. By this way, defensins also show activity in
thee development of adaptive immune responses134. High expression of defensins is suggested
too take part in the inflammatory process in psoriatic skin. There are other innate immunity
factorss such as IL-8 and induced nitric oxide synthase (iNOS) which can locally be produced

earlyy in the inflammatory site. IL-8 is chemoattractant for neutrophils which contribute to
thee first line defense by phagocytosis of the bacteria. iNOS causes production of nitric
oxidee that is toxic for microorganisms. Both were found to be expressed in psoriatic skin in
higherr amounts compared to the normal skin
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> . Enhanced expression of IL-8 and

psoriasinn in psoriatic skin can explain the influx of neutrophils into psoriatic skin. In addition
too that, cytokines such as IL-1 and TNF-a can be produced in high amounts by local and
rapidlyy invading cells to activate immediate immune response. These cytokines were
demonstratedd to be expressed in psoriatic skin as well

137 138

< . A group of nonclonal pattern

recognitionn receptors, which recognizes molecular patterns shared by many pathogens,
aree important in the early recognition of microbial structures. One group of these receptors
iss represented by Toll-like receptors (TLRs). They signal via transcription factor

NF-KB

whichh is known to activate the promoter regions of numerous inflammatory genes. Recently,
TLR1,, TLR2 and TLR5 were shown to be expressed by keratinocytes. TLR1 and TLR2 were
foundd to be highly expressed in the upper epidermis in lesional skin, while the expression
off TLR5 in lesional epidermis was lower than that in normal epidermis. The expression of
thesee TLRs was different in localization in psoriatic epidermis as compared to normal
epidermiss as well

139

. In another study, TLR1 expression was found to be higher in basal

keratinocytess of the lesional skin as compared to the normal skin 14 . Besides, in psoriatic
skin,, the expression of heat shock proteins (HSPs) such as HSPs 27, 60, and 70 and their
ligandss such as CD91 is increased. These proteins and their ligands are able to induce an
immunee response by different ways: e.g. triggering NF-KB, stimulating dendritic cells and
increasingg IL-12 expression from dendritic cells 140.
Inn conclusion, it appears that many, if not all, factors of the innate immune response can
participatee in the inflammatory reaction in psoriatic skin. In addition, they can contribute
too the functions which are related to the adaptive immunity such as activation of dendritic
cellscells and T cells.

Treatmentt of psoriasis
Inn the nineteenth and the first half of the twentieth centuries, a commonly applied treatment
off psoriasis was Fowler's solution which was an arsenic mixture. Many other topical and
systemicc treatments for psoriasis, alone or in combination, were tried out through the years.
Inn the 1920s, UV therapy was demonstrated to be effective in psoriasis which was followed
byy the development of Goeckerman (coal tar + UV) and Ingram (coal tar + UVB + anthralin)
regimenss to treat psoriasis. In thel 960s, the introduction of topical corticosteroids, especially

Tablee 1.
Topical l

Photo(chemo)therapy y

Systemic c

Corticosteroidss 141
Dithranol 142 2
Tarr M3
Tazarotenee ,44
Vitaminn D analogues145

Broadbandd UVB (290-320 nm)146
Narrowbandd UVB (311 nm)147
PUVAA (320-400 nm)148
Excimerr laser (308 nm)149

Methotrexatee ,5
Cyclosporinee A 151
Acitretinn 152
Fumaricc acid 1S3

inn occlusion, was a big breakthrough in the treatment of psoriasis until the side effects were
recognized.. In the early 1970s it was found that methotrexate, originally developed as
anticancerr drug, could be used as therapy for psoriasis patients. In 1979, it was discovered
thatt cyclosporine A was a good alternative for psoriasis therapy. An overview of currently
appliedd (and widely approved) treatments of psoriasis is given in Table 1. Dependent on the
severityy of the disease, they are applied as a single therapy or in different combinations.
Thee common pitfall of all these classical therapies of psoriasis is their broad action-spectrum
withh a rather low selectivity. Therefore, these therapies are doomed to have many serious
sidee effects such as nephrotoxicity caused by cyclosporine A and hepatotoxicity as a result
off methotrexate therapy. Recent development in the treatment of psoriasis with new
"biologicals"" seems to be promising as they are selective, effective and rather safe. Biologicals
aree designed according to naturally occurring molecules that either have antagonistic effects
onn the inflammatory process or interfere with inflammation-promoting molecules. Examples
forr biologicals are cytokines, cytokine inhibitors or antibodies against crucial molecules
(membranee bound or in solution)154.
Inn the studies in this thesis methotrexate, cyclosporine A and UVB were used as therapy.
Forr this reason only these treatments and their immunological effects are discussed in
moree detail below. Special attention is given to the UVB section as it was the major therapy
studiedd in this thesis.

Methotrexate e
Methotrexatee is one of the oldest systemic therapies used in psoriasis
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. It is worldwide

appliedd orally or intramuscularly in the treatment of moderate to severe psoriasis vulgaris.
Thee low costs and the ease of use (once weekly application) made methotrexate a popular
optionn in the therapy of this chronic disease. In a very recent comparative study,
methotrexatee was found to have a similar efficacy as cyclosporine A
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. However, the

hepaticc toxicity and the potential risk of myelosuppression caused by methotrexate limit
itss extensive use despite of its efficacy.

Methotrexatee is a folic acid antagonist which suppresses cell proliferation. Originally, it
wass developed to treat cancer, but later it was extensively used in the treatment of
rheumatoidd arthritis as well. Its major therapeutic mechanism in psoriasis is believed to be
thee suppression of hyperprol iteration of psoriatic keratinocytes. However, methotrexate
appearedd to have immunoregulatory effects as well. In vitro studies revealed that methotrexate
killedd proliferating T cells while not being effective on epidermal cells using comparable
dosess as in the clinical application for psoriasis157. The selective deletion of activated T cells
wass found to be mediated by a CD95-independent apoptotic pathway158. The chemotaxis of
polymorphonuclearr cells is inhibited by methotrexate in psoriasis patients 121. In addition,
methotrexatee was found to inhibit the functional activity of IL-1
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. In an experimental

animall model of systemic lupus erythematosus, methotrexate decreased the leukocyte
counts,, immune complex formation and decreased the expression of 1L-2, IL-4, 1L-6 and
IFN-yy 160. On the other hand, intracellular IFN-y expression by peripheral T cells did not
changee after the methotrexate therapy of patients with rheumatoid arthritis '61. In another
experimentall mouse model of arthritis, methotrexate treatment resulted in decreased TNF
expressionn while the expression of IFN-y and IL-4 did not change significantly in serum
andd splenic cells162. Similar results were found in patients with rheumatoid arthritis when
peripherall T cells were examined for their cytokine expression before and after treatment
withh methotrexate
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. The cytokine expression profile of in vitro stimulated T cells from

rheumatoidd arthritis patients and normal controls changed from a type 1 cytokine to type
22 cytokine pattern after addition of methotrexate to the cell cultures 164. From all these data,
itt seems to be legitimate to think that the immunomodulation caused by methotrexate may
bee an important therapeutic mechanism causing improvement of psoriatic lesions.

Cyclosporinee A
Too date, cyclosporine A is used more than two decades in the treatment of psoriasis165.
Becausee of its suppressive effect on helper T cells, it was originally applied to prevent the
rejectionn of organ transplantation t66. It passively enters into the cell and binds to cyclophilin
causingg inactivation of calcium dependent activation of the cell. Side effects such as
nephrotoxicityy and predisposition to malignancies are the limiting factors for its use 151.
Nott only T cells, but also Langerhans cells were found to have a dose-dependent reversible
losss of function upon treatment with cyclosporine A 167. It was demonstrated that therapy
off psoriasis with cyclosporine A resulted in a decrease in the number of Langerhans cells
andd T cells supporting the role of activated T cells in the pathogenesis of psoriasis168. As

comparedd to the T cells before therapy, the peripheral blood T cells were not found to have
aa different phenotype or function after cyclosporine A therapy showing that there was no
systemicc alteration in the T cells 169. No alteration was found in the expression of adhesion
moleculess on keratinocytes and blood vessels after therapy with cyclosporine A 17 .
Keratinocytess continued to express higher levels of IL-6, TGF-P and K16 in the psoriatic
skinn after the therapy with cyclosporine A 27 . These findings may explain, at least partially,
thee relapses which occur relatively quickly after the therapy. Although no apparent effect
onn the phenotype could be observed, cyclosporine A has been described to have a direct
171

antiproliferativee effect on keratinocytes

.

UVB B
UVBB therapy of psoriasis. UVB therapy plays an important role in the long-term
managementt of psoriasis. PUVA therapy of psoriasis, that is comprised of oral or topical
applicationn of photosensitizing psoralens followed by exposure to UVA (320-400 nm),
wass found to be superior to broad band (BB)-UVB (280-320 nm) therapy in efficacy.
However,, the development of narrow band (NB)-UVB therapy (311 nm) was an important
stepp forward in the improvement of conventional BB-UVB therapy. Lamps emitting
wavelengthss lower than 300 nm are known to cause more erythema and discomfort of the
skin,, while having almost no antipsoriatic effect172. The efficacy of NB-UVB therapy is
comparablee to that of PUVA therapy
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. In addition, NB-UVB therapy is cheaper (no use

off psoralens) and easier to apply as it does not require eye protection due to the photosensitivity
causedd by psoralens. Therapy with NB-UVB-radiation seems to be less carcinogenic as
comparedd to PUVA therapy 174. It can be used during pregnancy and childhood for patients
withh moderate to severe psoriasis. In practice, NB-UVB is applied 3 times weekly as this
regimenn was found to show the most efficacy with the least number of exposures 175.
NB-UVBB dosage should be approximately 8 to 10 times higher than that of BB-UVB to
reachh the same erythemal effect. This means that the NB-UVB radiation is much less
erythemogenicc than the BB-UVB radiation. When NB-UVB and BB-UVB are applied at
similarr minimal erythema doses (MED), they seem to cause comparable immunological
changess in the number of inflammatory cells in the irradiated skin and the expression of
apoptosiss markers and p53
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. In psoriasis patients, the clinical and histological healing

off psoriasis lesions was found to be better after therapy with NB-UVB as compared to
BB-UVBB therapy
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Exposuree to UVB has different facets. While it is very beneficial in the treatment of psoriasis
patients,, its carcinogenic character also needs great attention as skin cancers are known to
bee related to cumulative UV exposure and reported to be increased in prevalence
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Manyy studies were performed to reveal these two opposite facets of UVB exposure in
diseasedd and healthy skin. The role of UVB in carcinogenesis is beyond the scope of this
thesis.. The immunological alterations caused by UVB exposure in normal and psoriatic
skinn are separately discussed in the following sections.

UVB-inducedd immunosuppression in normal human skin. UV-induced skin tumors
aree very antigenic and easily rejected when they are transplanted to a naive syngeneic
mouse.. However, when the recipient mouse is exposed to UV-radiation prior to the
transplantation,, the grafted skin tumor is not rejected 179. This classical experiment at the
endd of the 1970s was the first proof that UVB can cause systemic immunosuppression.
Contactt hypersensitivity reactions induced by common sensitizers were also found to be
suppressedd by exposure to UVB in mice as well as in man. Interestingly, those people who
havee a history of skin cancer are more susceptible to the suppression of contact
hypersensitivityy reaction by UVB
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. This suggests that the immunosuppressive effect of

UVBB could be an important factor in the formation of UVB-induced skin cancer.
Immunosuppressionn after UVB exposure can be explained as a physiological response to
preventt an unnecessary immune reaction to UVB-induced neoantigens formed in the skin.
Thiss natural protection mechanism of the skin may cause serious problems at long-term,
especiallyy for people with a lighter skin complexion or a higher genetic susceptibility to
UVB-inducedd immunosuppression.
UVBB radiation influences the phenotype, function, distribution, and number of many
differentt cell types in the human skin (Figure 4). In addition to changes in the resident cells
off the skin, many immunocompetent cells from the peripheral blood are attracted into the
skinn upon UVB exposure. Langerhans cells, dendritic cells residing in the epidermis of
normall skin, are able to take up antigens (also called haptens) in the skin and to migrate to
thee skin-draining lymph nodes to present haptens to T cells in order to mount a specific
immunee response. Different studies revealed that they are one of the major targets of the
UVBB radiation in the skin. Suppression of delayed type hypersensitivity reactions in man
weree found to be associated with the depletion of Langerhans cells in the irradiated skin
i8i,i822 Exposure of Langerhans cells to UVB radiation resulted in a transient inhibition of
antigenn processing and presenting capacity of these cells showing that functional changes

inn Langerhans cells upon UVB exposure can be expected in vivo as well' 8 3 1 8 5 . The recovery
off Langerhans cell functions after the UVB exposure was found to be poorer than that after
thee UVA exposure suggesting that UVB-induced immunosuppression could be more
sustainedd
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. The functional expression of costimulatory molecules on the Langerhans

cellss were also found to be disturbed by UVB exposure which could seriously impair the
Langerhanss cell-T cell interaction

,87189

. Low dose UVB-exposed Langerhans cells

preferentiallyy induce type 2 T cell activation, instead of type 1, which might be explained
byy the alteration in the expression of costimulatory molecules after the irradiation
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. The

fatee of Langerhans cells after UVB exposure is still a point of discussion. Human Langerhans
cellss were found to undergo apoptosis after UVB exposure in vitro

,88

. O n the other hand,

theyy are still able to migrate to afferent lymph nodes after UVB irradiation in vivo
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. A

recentt study revealed that exposure to 6 MED UVB in vivo causes apoptosis of very few
Langerhanss cells while most of them emigrate from the skin 192. The migration of Langerhans
cellss after UVB exposure could be explained by increased expression of IL-1 and TNF-a
whichh are upregulated in keratinocytes after UVB exposure and are known to induce/
enhancee the Langerhans cell migration
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Figuree 4. Cell trafficking in high dose UVB-exposed human skin. A heavy traffic of immunologically competent
cellss takes place in the high dose (4 MED)UVB-exposed normal skin. Shortly after UVB irradiation, Langerhans
cellss (LC) either leave the skin to reach to afferent lymph nodes, or die. Resident epidermal T cells (T) die by
apoptosiss as well. The influx of neutrophils (N) and macrophages (M) becomes prominent first in dermis and
thenn in epidermis. CD4+ T cells invade the dermis and, later on, epidermis as well which stay somewhat
longerr than neutrophils and macrophages in the irradiated skin. A number of cytokines dominate the
micromilieuu of the skin after the UVB exposure which contributes to the immunosuppressive changes. These
cytokiness were reported to be mainly secreted by keratinocytes, macrophages and T cells. Yet, it is not clear
whetherr the influx of neutrophils has any significance in the UVB-exposed skin.

Langerhanss cell depletion in UVB-exposed skin is accompanied by an influx and local
proliferationn of CD11b+HLA-DR+ cells in the dermis and epidermis. These cells were
definedd as UV-macrophages with a peculiar characteristic of high IL-10 and low IL-12
expressionn
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- . These cells could be important in the immunosuppressive function of

UVBB radiation as the inhibition of C D I I b o r its ligand iC3b reversed the immune tolerance
whichh is induced by UVB exposure 199'200.
Afterr UVB exposure, neutrophils are the first cells invading the skin
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. Proinflammatory

cytokiness such as IL-8 and TNF-a, were suggested to play a role in the accumulation of these
cellss in the irradiated skin
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. The significance of the influx of neutrophils to the UVB-

irradiatedd skin has not yet been studied in detail.
Inn addition to the influx of neutrophils and macrophages into the UVB-exposed skin, T cell
homeostasiss was found to be altered in the irradiated skin. T cells are present in low numbers
inn both the dermal and epidermal compartments of unirradiated normal skin. The epidermal
compartmentt contains 2 % of the total T cell population in normal skin and most of these
cellss are CD8+ memory T cells. Most dermal T cells are CD4+ memory T cells 203. These T
cellss are assumed to be important in the immunosurveillance of the skin. Supporting this
concept,, renal transplant patients, who are known to be prone to skin infections and cancers,
weree found to have a decreased number of cutaneous T cells 204.
Afterr a single exposure to an erythemal dose of solar-simulated or UVB radiation there is a
clearr change in the composition of the T cell population in normal skin. Intraepidermal T
cellscells disappear within 48 h after the exposure while there is an influx of T cells into the
dermiss after 24 h following the irradiation. After 1 week, the epidermis is repopulated by
CD4++ memory T cells lacking activation markers20S 206. Although there is no in situ evidence,
inn vitro studies revealed that apoptosis of intraepidermal T cells could be the major
mechanismm in the depletion of these eel Is from the normal human epidermis after the UVB
exposure207.. The influx of T cells into the skin after UVB exposure is caused by a modulation
inn the expression of adhesion molecules on endothelial cells and keratinocytes208.
Thee significance of the changes in the cutaneous T cell population after exposure to UVB
iss not clear. As it was mentioned earlier in this section, UVB-irradiated dendritic cells
displayy an altered accessory signaling for T cells and can only activate the proliferation of
typee 2 T cells 190'209. In line with this data, it was shown by di Nuzzo et al that the in vivo
exposuree of human skin to UVB results in the development of type 2 T cells with high
expressionn of IL-4210. As type 2 T cells are known to counteract the effects of type 1 T cells
andd downregulate the development of cellular immune response, these findings can, at

leastt partly, explain the immunomodulation which is seen in the UVB-irradiated skin. In
mousee experiments, it was shown that the UVB-induced suppression of contact
hypersensitivityy is induced by antigen specific suppressor T cells supporting the concept of
thee development of a new population of T cells in the irradiated skin 211-212. Suppressor T
cellss found in the UVB-irradiated skin were thought to be type 2 T cells because of their IL100 production2I3. However, these T cells could also represent the recently defined regulatory
TT cells which express IL-10 without expressing other classical type 2 cytokines such as IL-4.
Naturallyy occurring CD4+CD25+ regulatory T cells, which suppress the activation of CD4+ T
cellss by cell contact, and induced regulatory T cells (namely Th3 and Tr1), which mediate
thee T cell suppression by the expression of TGF-p and IL-10, have been described
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Supportingg the concept of development of regulatory T cells in the UVB-exposed skin, it
wass recently published that UVB-exposed dendritic cells induced the development of
nonproliferatingg T cells which express high amounts of TGF-p 215. In addition, the T cells
presentt in the UVB-irradiated skin of mice after dinitrofluorobenzene sensitization expressed
CTLA-44 and produced high levels of IL-10, TGF-p, and IFN-y; low levels of IL-2; and no IL44 resembling the Tr1 cells. Inhibition of the CTLA-4 expression resulted in the reversal of
thee tolerance to the contact sensitizer2U. These results suggest that, in addition to type 2 T
cells,, regulatory T cells are operational in the suppression of immune responses in the
UVB-exposedd skin. The UVB-induced changes in the cellular composition of the skin are
mediatedd by the cascade of UVB-induced molecular changes.

UVB-inducedd molecular changes. Trans-urocanic acid is a common constituent of the
epidermiss and is transformed into cis-urocanic acid upon absorbing UVB-radiation. Another
UVBB absorbing component in the skin is DNA within the cells. Cyclobutane pyrimidine
dimerss represent UVB-induced damage of the DNA. It was reported that both cis-urocanic
acidd and cyclobutane pyrimidine dimers play a role in the development of UVB-induced
immunosuppression217219.. Inevitably, there are numerous other local changes in the UVBirradiatedd skin in addition to the aforementioned altered resident skin cells and the different
celll types that infiltrate the irradiated skin. Detailed description of these factors is beyond
thee scope of this thesis.
Immunologicall effects of UVB therapy on the psoriatic skin. In an earlier study
onn the possible therapeutic effects of UVB-radiation on psoriatic skin, it was suggested that
thiss therapy might decrease the influx of neutrophils into the lesional skin by the suppression

off chemoattractant leukotriene B4 22 . In addition, the functional capacity of neutrophils,
suchh as chemokinesis and phagocytosis, was found to be decreased in the psoriatic patients
afterr UVB therapy 2 2 \ The soluble factor IL-2 and T cell activity were found to be decreased
inn the peripheral blood of psoriasis patients treated with the UVB therapy222. A significant
decreasee in the IL-6 and TNF-a expression in the suction blister fluids from the psoriatic
lesionall skin and serum was detected after UVB therapy 223224. Keratinocytes seemed to be
directlyy or indirectly affected by UVB exposure. The expression of KGF and KGF receptor
inn psoriatic lesions was found to be suppressed after the therapy with UVB-radiation
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Oncee appreciated the role of T cells in the formation of psoriatic skin lesions, the possible
effectss of different therapies on T cells were investigated. Krueger et al reported that 90%
off the epidermal T ceils were depleted after UVB treatment of psoriasis lesions which
accompaniedd the reversal of the keratinocyte pathology, while most of the dermal T cells
remainedd in the skin 225. This depletion, which was suggested to be due to the apoptotic
celll death, was more prominent after therapy with NB-UVB
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. Alternatively, reduced

expressionn of adhesion molecules by cutaneous endothelial cells (necessary for T cell
diapedesis)) and decreased expression of skin homing molecules on T cells were also
proposedd as therapeutic mechanism227229.

Aimss of the thesis
Supportt for the role of type 1 T cells in the pathogenesis of psoriasis is well documented36'43^6.
Thee improvement caused by anti-psoriasis therapy could be mediated by an altered cytokine
expressionn in these T cells within the psoriatic lesions. The aim of this study was to reveal
possiblee changes in the cytokine expression in the lesional skin of psoriasis patients after
systemicc therapies. Because UVB irradiation is known to have immunosuppressive effects
thatt are, at least partially, mediated by altered cytokine expression in normal skin, the studies
inn this thesis are in large part focused on UVB therapy
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. To investigate the changes in

cytokinee expression by cutaneous T cells following UVB exposure in psoriatic skin, we
firstt applied a local single 4 MED BB-UVB to lesions of psoriasis patients. Before, two days
andd 14 days after the exposure, we obtained skin biopsies and determined T cell numbers
andd the expression of IFN-y and IL-4 in situ; intracellular IFN-y and IL-4 expression from
stimulatedd dermal T cells in vitro; and the expression of the mentioned cytokines at mRNA
levell in extracts from skin biopsies (chapter 2). To see whether the therapeutical use of
UVBB radiation on psoriasis lesions affects type 1/ type 2 cytokine balance, we treated
psoriasiss patients with low dose repetitive NB-UVB radiation (regular UVB therapy) and

determinedd T cell numbers and cytokine expression in lesional skin biopsies using similar
techniquess as in our previous study. In addition to the expression of IFN-y and IL-4 we also
determinedd the levels of immunosuppressive cytokines IL-10 and TGF-p produced by in
vitroo stimulated lesional dermal T cells (chapter 3). In chapter 4, we focussed on the UVBinducedd expression of IL-4 by neutrophils and the possible role these cells play in the
alteredd cytokine expression by cutaneous T cells. Because of the possible differences in
thee normal and psoriatic skin, UVB-induced expression of IL-4 by neutrophils in the psoriatic
skinn was investigated in a separate study (chapter 5). IL-10 is known to be expressed in
UVBB exposed skin by CD11b+HLA-DR+ cells which generally have been referred as UVmacrophagess
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. However, as these markers are also expressed by neutrophils and

thesee cells are known to infiltrate the UVB-exposed skin as well, we examined in chapter
66 whether neutrophils could contribute to the IL-10 expression in the irradiated-skin. Several
cytokiness are defined to be important in the induction of IFN-y expression by T cells 23 .
Recently,, IL-23 was discovered and found to be important in the stimulation of IFN-y
expressionn in memory T cells 63. In chapter 7, we investigated the expression of IL-23 in
normall and psoriatic skin and demonstrated that keratinocytes are able to express this
cytokine.. In the next chapter (chapter 8), we studied the expression of IL-12, IL-15, IL-18
andd IL-23 in the psoriatic lesional skin before and after the NB-UVB therapy and the
correlationn of the changes in the expression of these cytokines with the expression of IFN-y
whichh take place in the inflammatory reaction in the lesional skin. In chapter 9, we
determinedd the effects of methotrexate and cyclosporine A on T cell numbers and the
expressionn of IFN-y and IL-4 in psoriatic lesional skin by immunohistochemistry.
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Abstract t
Typee 1 cytokine producing T cells play an important role in the pathogenesis of psoriasis.
Ultraviolet-BB (UVB) irradiation is effective in the treatment of this disease. In normal skin,
UVBB causes a change in dermal microenvironment, leading to a decrease of IFN-y expressing
typee 1 T cells and a concurrent increase of IL-4 expressing type 2 T cells. The aim of this
studyy was to show whether UVB irradiation causes a like-wise shift of type 1 and type 2
responsess in psoriatic skin. For this purpose, biopsies were obtained from the lesiona! skin
off psoriatic patients before, 2 days and 14 days after a single exposure to 4 MED UVB.
Sectionss from these biopsies were immunostained (CD3, IFN-y and IL-4) or RNA was
extractedd and analyzed for the expressions of IFN-y and IL-4 by PCR. In addition, primary
culturess of T cells from dermal cell suspensions were stained intracellularly for IFN-y and
IL-44 expression and CD4+ and CD8+ T subsets were analyzed by flow cytometry. IFN-y was
abundantlyy expressed in situ before irradiation and decreased in all patients after UVB
irradiation,, whereas, IL-4 expression was variably expressed before irradiation and increased
inn different degrees after irradiation. Cytokine mRNA expressions determined by PCR showed
aa clear decrease of IFN-y and increase of IL-4 following UVB irradiation. Both CD4+ and
CD8++ dermal T cells were found to produce less IFN-y and more IL-4 following UVB
irradiationn as determined by flow cytometry. Decrease in IFN-y expression and increase in
IL-44 expression of dermal T cells in psoriatic lesions after UVB irradiation may lead to
decreasee in local immunoreactivity. These changes could be part of the therapeutic effects
off UVB on psoriasis.

Introduction n
Psoriasiss is a chronic inflammatory skin disease. Its most common form is plaque psoriasis,
whichh is characterized by sharply demarcated, erythematous and desquamating plaques
off various shapes and sizes in different locations. The clinical course of the disease is
accompaniedd by unpredictable relapses and remissions. The etiopathogenesis of the disease
iss still unknown despite extensive efforts1. Because of the enormous epidermal thickening,
dominatingg the histological picture and contributing to infiltrated skin appearance, many
earlyy studies were dedicated to the changes in keratinocytes2~4. Later on, polymorphonuclear
cellss infiltrating dermis and forming Munro's microabscesses in the epidermis were thought
too be responsible for the epidermal changes

57

. Lately, more attention has been paid to

mononuclearr cells found in the psoriatic inflammatory cell infiltrate. Most of these cells
weree found to be T cells infiltrating both epidermis and dermis810.
TT cells are likely to be important in the pathogenesis of psoriasis, illustrated by the observations
thatt specific suppression of T cell function is succesful in antipsoriatic therapy 1112 and that
TT cells appear in lesions before hyperproliferation of keratinocytes

1314

.The finding that
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lesionall T cells can induce keratinocyte proliferation - also suggest that T cells play a
prominentt role in lesion formation.
Manyy studies have been performed to characterize the nature of T cells from psoriatic
lesions.. The results of these studies are variable concerning both the phenotype and the
cytokinee expression of these cells, however most investigators agree on the predominance
off type 1 cytokine expression in psoriatic lesions 17~21. Recently, Austin et al. showed that
bothh cytotoxic (CD8+) and helper (CD4+) T cells from psoriatic lesions express mainly type
11 cytokines i.e. IFN-y, IL-2 and TNF-a 22.
Inn psoriasis patients with extensive or persisting lesions, one of the best treatment options
iss ultraviolet B (UVB) irradiation. Studies by Krueger et al. and Ozawa et al. showed that
lesionall T cell numbers decrease after UVB treatment, caused by apoptosis of T cells 2324.
Thee decrease of lesional T cell numbers was thought to be responsible for healing of skin
lesionss after UVB treatment. We demonstrated that T cells in the epidermis of healthy
individualss also decrease after a single UVB irradiation. In addition, we showed that 2
dayss later a new group of T cells infiltrate the dermis of normal UVB-exposed skin 2S26.
Characterizationn of the cytokine production profile of these dermal T cells from UVB-irradiated
skinn revealed a shift towards type 2 T cell responses, i.e. more IL-4 expression and/or less
IFN-yy expression as compared to control dermal T cells from unirradiated skin 27. This
preferentiall type 2 T cell response, probably promoted by the dermal microenvironment,
counteractss the proinflammatory effects of the type 1 cytokines.

Inn this study, we investigated whether or not in lesional psoriatic skin a switch of cytokine
expressionn from type 1 to type 2 cytokines occurs after single UVB irradiation similar to
thee switch as observed in normal skin. We found that a single UVB irradiation caused a
reductionn of IFN-y expression while increasing IL-4 expression in psoriatic skin. This change
inn cytokine balance may contribute to the therapeutic effect of UVB in psoriasis.

Materialss and methods
Patients.. Patients with moderate to severe plaque type psoriasis, who registered in the
Departmentt of Dermatology at Academic Medical Center in Amsterdam were included.
Exclusionn criteria were photo-aggravated disease, cutaneous malignancy and use of
phototoxicc medications. Systemic treatments for a minimum of 4 weeks and topical
treatmentss for a minimum of 2 weeks were discontinued. Informed consent was obtained
fromm each patient.
UVBB irradiation and biopsies. A1000 W xenon-arc lamp (Oriel, Stratford, CT) equipped
withh a 303-nm interference filter (Jenaer Glaswerke, Schott & Gen., Germany) was used
forr local UVB irradiation. The minimal erythema dose (MED) was determined for each
patient.. Multiple single doses of 4 MED of UVB were locally applied to different clinically
similarr lesions on gluteal area. Under local anesthesia, two 5-mm. punch biopsies per
timee point were obtained before irradiation, and 2 and 14 days afterwards. One of the
biopsiess from each time point was transferred to sterile phosphate buffered saline (PBS)
containingg 100 jag/ml gentamycinfor immediate isolation of single dermal cells and to setupp cell cultures. The other biopsy was embedded in cryomatrix (Shandon, England), snap
frozenn and, stored at

C until use for immunohistochemistry and PCR analysis.

Immunohistochemicall staining of T cells and cytokines. The frozen biopsies
weree cut with a cryostat (5 mm) and sections were placed on organosiIan-coated glass
slides.. After air drying, the sections were fixed with acetone for 10 min at

. Subsequently,

endogenouss peroxidase activity was blocked by incubation with 0.1% sodium azide and
0.33 % H 2 0 2 in PBS for 20 min at room temperature (RT). After that, the sections were
washedd in tris- buffered saline (TBS) and incubated 15 min with 10 % normal goat serum
(Dako,, Denmark). For CD3 staining the sections were incubated with FITC-labeled antiCD33 (Becton Dickinson, Mountain View, CA) for 1 h at RT, with rabbit anti- fluorescent
isothiocyanatee (FITC; Dako) for 30 min at RT and finally with goat-anti-rabbit- peroxidase
(Dako)) for 30 min at RT. For cytokine staining the skin sections were incubated overnight

att

C with anti-IL-4 (Genzyme, Cambridge, MA) or anti-IFN-y (R&D Systems, Minneapolis,

MN)) followed by incubation with goat-anti- mouse-biotin (Dako) for 30 min at RT and
incubationn with streptavidin-peroxidase (Dako) for 30 min at RT. To double stain for CD3
andd IFN-y above mentioned CD33 and IFN-y staining protocols were sequentially performed,
butt in between the protocols the sections were incubated with 10 % normal mouse serum
(Dako)) and instead of goat-anti-rabbit-peroxidase, goat-anti-rabbit-alkaline phosphatase
(Dako)) was used. After each incubation step, sections were washed with TBS. The peroxidase
activityy was detected as red by 3-amino 9-ethyl carbazole (Sigma, Missouri) reaction. The
alkalinee phosphatase activity was determined as blue by using naphtol-AS-MX-phosphate
(Sigma).. Hematoxiline was used as counterstaining. Epidermal thickness was microscopically
measuredd at the thickest part of each section.
Celll counts of immunostainings. CD3+ cells in whole epidermis were counted in
eachh section and cell numbers were corrected to 1 mm2 epidermis. In dermis, CD3+ T cells
weree counted 1 mm deep subepidermally through the horizontal length of each section,
thenn the positive cell numbers were corrected to 1 mm2 dermis. The cell counts from 2
sectionss of each stained biopsy were averaged.
Positivee cells in the cytokine stainings were counted in the same way, averaging 3 sections
fromm each biopsy. All the counts were performed blind by two investigators.

Isolationn of dermal cells and dermal T cell cultures. The biopsies were washed in
PBSS and incubated in 0.3 % dispase (Boehringer Mannheim, Germany) overnight at 4 C to
enablee separation of epidermis and dermis. The dermis was cut into little pieces and incubated
inn PBS containing 0.2% collagenase D (Boehringer Mannheim), 40 U/ml DNase I (Boehringer
Mannheim)) and 2 % fetal calf serum (FCS) for 2 h in a shaking bath at 37

. Then, the

mixturee was filtered through a cell strainer to remove tissue debris. The cell suspension
wass washed twice in Iscove's modified Dulbecco's medium (IMDM; Bio Whittaker, Belgium)
withh 2 % FCS. Afterwards, ceils were transferred to 96-well round bottom plates in 200 ml
IMDMM containing 10 % pooled normal human serum, 1 ml/ml phytohemagglutinin (PHA;
Difcoo Laboratories, Detroit, Michigan) and 50 U/ml recombinant human IL-2 (Cetus Corp.,
Emmeryville,, CA) to stimulate T cell growth.

Intracellularr cytokine staining and flow cytometric analysis of dermal T cells.
TT cell cultures were stimulated with 25 ng/ml phorbol 12-myristate 13-acetate (Sigma) and 1
mg/mll ionomycine (Sigma) in the presence of 3mg/ml Brefeldin A (Sigma) for 4 h at 37 C in

ann incubator containing 5 % C0 2 . The cells were washed with PBS containing 2 % FCS
andd 0.1 % natrium azide after each step. They were divided over Falcon tubes (R&D),
(eachh tube containing 1x 106 cells) and first incubated for 15 min with allophycocyanin
(APQ-labeledd anti-CD4 (Becton Dickinson, California) or APC-labeled anti-CD8 (Becton
Dickinson)) for surface staining at RT, followed by incubation with permeabilizing solution
forr 10 min and finally, incubation with FITC-labeled anti- interferon-y (Becton Dickinson)
withh phycoerythrin (PE)-labeled anti-IL-4 (Becton Dickinson) for 30 min for cytokine staining.
Surfacee antibodies were replaced by APC-labeled anti-lgG1 (Becton Dickinson) and cytokine
antibodiess were replaced by FITC-labeled anti-lgG2b and PE-labeled anti-lgG1 as isotype
controlss of antibodies. After staining procedure, the cells were fixed with PBS containing 1
%% paraformaldehyde. Flow cytometric analysis of the cells was performed with FACScalibur
equippedd with Cell Quest software (Becton Dickinson).

Detectionn of IL-4 and IFN-y mRNA in skin sections and dermal T cells by
reversee transcriptase- PCR. Twenty cryostat sections of 10 mm thickness were treated
inn 500 ml of TRIzol Reagent (Gibco, England) to homogenise the tissue and the cells. After
that,, the total RNA was isolated according to the manufacturer's protocol. Five mg of total
cellularr RNA was reverse transcribed in a reaction volume of 20 ml, and 1 ml of the
resultingg cDNA was amplified by cytokine specific PCR . The PCR conditions and
electrophoresiss of the PCR products are described in detail elsewhere (28). The following
specificc primer sets were provided by Isogen Bioscience BV, The Netherlands: GAPDH
forwardd primer 5'-CGA GAT CCC TCC AAA ATC AA-3' and reverse primer GAPDH 5'AGGG TCA GGT CCA CCA CTG AC-3'; IL-4 forward primer 5'-TGC CTC CAA GAA CAC
AACC TG-3' and reverse primer 5'-AAC GTA CTC TGG TTG GCT TC-3'; IFN-y forward
primerr 5'-GCA GAG CCA AAT TGT CTC CT-3'and reverse primer 5'-ATG CTC TTC GAC
CTCC GAA AC-3'. The PCR products were of the expected size and the specificity was
confirmedd by sequence analysis. The ethidium bromide-stained PCR products were scanned
byy the EAGLE EYE R® II video system (Stratagene, La Jolla, CA), and the signal strength was
integratedd to obtain the densitometric value for each PCR product. To allow semiquantitative
analysis,, the densitometric values of IL-4 and IFN-y in each sample were related to the
signall of housekeeping gene GAPDH, which is assumed to be produced at a constant rate.
Statisticall analysis. Unpaired student t test is used to compare the groups. Two-tailed p
value<< 0.05 was considered as significant.

Results s
Singlee local UVB irradiation results in clinical and histologic improvement of
psoriaticc skin lesions. Five adult patients (4 male and 1 female, age range 40-78 yrs,
averagee 53.6

15.1 yrs) participated in the study. The MEDs of these patients were ranging

betweenn 343-871 J/m2 and correlated with the skin types of the patients (skin type ll-IV).
Dermall T cell cultures were obtained from all 5 patients, while in 3 patients additional
biopsiess were taken to perform immunohistochemistry. Locally irradiated skin lesions healed
clinicallyy 14 days after 4 MED UVB irradiation in all patients regarding desquamation,
erythemaa and skin infiltration (Figure 1). This change was also observed as significantly
decreasedd epidermal thickness (from 0.8

0.4 mm to 0.3

0.03 mm) in frozen sections

144 days following irradiation (62 % decrease p < 0.05) (Figure 2). Epidermal T cell numbers
determinedd by CD3 staining were progressively decreased on day 2 and day 14 following
UVBB irradiation . Mean epidermal T cell numbers of 3 patients were 52.8

10.5 per mm 2

Figuree 1 . Single 4 MED UVB irradiation of psoriatic skin results in local clinical healing. The psoriatic plaque
off patient was irradiated locally at the circled area. After 14 days following single UVB irradiation, the lesion
healedd only at the irradiated area observed as diminished erythema, infiltration and desquamation. This
changee was observed in all included patients (n=5) (35=- page 188).

Figuree 2. CD3 expression in psoriatic skin sections before and after single 4 MED UVB irradiation.
Immunoperoxidasee staining of skin sections with CD3 (red) showed that T cells were mainly located in
epidermiss and in dermis forming clusters before irradiation. Epidermal T cells progressively decreased at day
22 and day 14 following irradiation, on the other hand, dermal T cells slightly increased at day 2 and decreased
att day 14. Epidermal thickness was markedly decreased after 14 days following irradiation (x& page 188).

epidermiss before irradiation which decreased to 37.5

1.5 per mm 2 at day 14 (83.9 % reduction, p < 0.05). On the

reduction,, p>0.05) and 8.5

205.8 per mm 2 dermis) increased slightly after

otherr hand, dermal T cell numbers (416.2
22 days (447.2

29.7 per mm 2 at day 2 (29 %

232.6 per mm 2 ), followed by a decrease 14 days after irradiation (155+

82.88 per mm 2 ) . The changes in dermal T cell numbers following UVB irradiation were,
however,, not statistically significant.
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IFN-yy expression decreases in psoriatic skin following single UVB irradiation,
whereas IL-4 expression shows a variable pattern. Expressions of IFN-y and IL-4 in
skinn were determined immunohistochemically as red staining using AEC as chromogen.
IFN-yy expression was observed mainly in papillary dermis forming clusters in un-irradiated
skinn (Figure 3A). IFN-y staining co-iocalized with T cells as defined by CD3 staining (Figure
3C).. In all patients, untreated psoriatic lesions displayed high IFN-y expression (54.1
19.44 per mm 2 ) which was significantly decreased after UVB at day 2 (18.3

9.2 per mm 2 ,

2.2 per mm 2 , p<0.01) as determined in 9

p<< 0.01) and/or day 14 post-irradiation (9.8

Jn Jn

--•:>V.<
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Figuree 3. IFN-y expression in psoriatic skin sections decreased after single 4 MED UVB irradiation. IFN-y
stainingg (red) of psoriatic skin sections showed a prominent expression especially in papillary dermis (A). This
expressionn was suppressed markedly 14 days following UVB irradiation (B). Double staining with IFN-y (red)
andd CD3 (blue) showed the colocalization of this cytokine with T cell infiltration in psoriatic skin (C)
(£5»» page 188).
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Figuree 4. IL-4 expression of psoriatic skin is variable before and after single UVB irradiation. IL-4 (red) positive
cellss were absent or present in low numbers before irradiation in psoriatic skin (A). It was increased 2 days after
UVBB irradiation (p<0.001) (B). This expression was not accompanied by T cell staining (data not shown)
(35** page 188).

sectionss in total (Figure 3B). IL-4 staining was absent (Figure 4A) in one patient and present
inn low numbers in two patients before the irradiation (4.2

5.2 per mm2). The expression

off IL-4 significantly increased especially in upper dermis and also in epidermis as single
cellss forming no groups at day 2 after UVB irradiation (21.4

5.5 per mm2p<0.01) (Figure

4B).. Double staining with CD3 and IL-4 yielded only an occasional double positive cell
(dataa not shown). At day 14, the IL-4 expression completely disappeared.

Singlee UVB irradiation decreased IFN-y and increased IL-4 expression in T
cellss isolated from dermis from psoriatic lesions. To show whether or not there is
aa change in type 1/type 2 cytokine ratios following single 4 MED UVB irradiation, IFN-y
andd IL-4 expressions of CD4+ and CD8+ dermal T cells were intracellular^ determined by
floww cytometry. After staining, the dermal T cells were first electronically gated in forward
scatterr (cell size) and side scatter (granularity) dot plots, and then CD4+ and CD8+ cells
weree identified by APC staining. IFN-y expression was ranging between 83.7-2.6 % (28.8
33.3 %) in CD4+ T cells and 84.5-51.2 % (51.2

3 %) in CD8 + T cells. On the other

hand,, expression of IL-4 was much lower in both types of T cells (in CD4+cells between 1 7.3 % and in CD8+ cells between 1.3-19.2 %; 5.6

18.88 %; 5.9

7.6 %) as compared to

IFN-yy expression before treatment. Although the IFN-y/ IL-4 ratios in the 5 psoriasis patients
Tablee 1 . Ratio of intracellular IFN- y/ IL-4 expression in CD4 + and CD8 + dermal T cells before and after 4
MEDD UVB irradiation of psoriatic skin determined by flow cytometric analysis
CD4 + +

CD8 + +

DayO O
Patientt 1
Patientt 2
Patientt 3
Patientt 4
Patientt 5
Mean SD

Dayy 2

35.8 8
25.4 4
0.8 8
9.4 4
0.6 6

0.2 2
2.1 1
0.1 1
1.8 8
1.6 6
66

99

•Dayy 14
0.8 8
0.4 4
0.3 3
3.4 4
1.3 3
33

DayO O

Dayy 2

Dayy 14

41.2 2
61.3 3
0.8 8
11.9 9
14.2 2

0.6 6
81 1
0.1 1
3.8 8
5.4 4
18.22

1.4 4
11.4 4
0.5 5
0.3 3
0.1 1
99

77

2

weree variable (Table 1), UVB irradiation resulted in an overall decreased IFN-y and increased
IL-44 expression in CD4+ or CD8+ dermal T cells at day 2 and / or day 14 (Figure 5). IFN-y
expressionn decreased to 10.5

7.2 % and 9.1

2.9 % 14 days after UVB exposure in CD4+

cells.. Similar decrease in IFN-y expressions also occurred in CD8+ cells (29.9
dayy 2 and 18.9

18.3 % at day 14 following UVB exposure). IL-4 expression was

progressivelyy increased in both CD4+ cells (11.8
+

34.4 % at

14)) and CD8 cells (9.8

13.2 % at day 2 and 16

6 % at day 2 and 15.8

13.8 % at day

7.8 % at day 14). Decreased IFN-y

andd increased IL-4 expression led to markedly reduced IFN-y / IL-4 ratios of both CD4 + and
CD8 ++ cells (Table 1), but due to the high individual differences in expressions of cytokines
beforee and after UVB irradiation the strong reduction of this ratio was not significant in our
groupp of 5 psoriasis patients. Similar changes were also observed with intracellular IFN-y/
IL-133 ratios in dermal T cells (data not shown).
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Figuree 5. Intracellular cytokine staining of CD4 + and CD8 + dermal T cells of psoriasis patients before and
afterr single UVB irradiation. T cells cultured from psoriatic dermis showed high expression of IFN-y and low
expressionn of IL-4 both in CD4 + and in CD8 + cells determined by flow cytometry. Each row represents the dot
plotss of one patient at day 0, 2 and 14 following UVB irradiation. The simultaneous expression of IFN-y (x
axis)) and IL-4 (y axis) in CD4 + T cells (A and B) or CD8 + T cells (C and D) is depicted. After UVB irradiation
bothh CD4 + and CD8 + T cells showed decreased IFN-y and increased IL-4 expression in all patients, however,
thesee changes in cytokine expressions were quite variable in degree and timing after UVB irradiation in
differentt patients.

IFN-yy mRNA expression decreases and IL-4 mRNA expression increases in
psoriaticc skin after single UVB irradiation. Frozen sections from lesional skin before
andd after UVB irradiation were used for the determination of cytokine mRNA by RT-PCR
(Figuree 6). IFN-y mRNA expression decreased from 0.96
andd 0.48

0.29 to 0.78

0.61 at day 2

0.24 at day 14 after UVB irradiation. Although the expression after 14 days was

halff of the pre-treatment value this change was not statistically significant. IL-4 mRNA was
low-expressedd (0.43

0.02) before irradiation as compared to IFN-y expression. Following

irradiation,, IL-4 mRNA expression increased to 0.69

0.34 after 2 days and 1.83

1.44

afterr 14 days. This marked increase in IL-4 expression following UVB irradiation was also
nott statistically significant due to high standard deviations between individual values.

Dayy 2

DayO O
GAPDHH

Dayy 14

—

IFN-y y

IL-4 4
1 1 22

3

11

11

Figuree 6. The kinetics of IFN-y and IL-4 mRNA expression in psoriatic skin. RNA was extracted from cryostat
sectionss and subjected to RT-PCR. The PCR products were harvested at successive cycle stops (indicated as
11 through 4) which all are within the exponential phase of the amplification reaction. IFN-y mRNA expression
decreasedd and IL-4 expression increased compared to housekeeping gene expression (GAPDH) after single 4
MEDD UVB irradiation in frozen sections of psoriatic skin. Results of one representative is shown.

Discussion n
Inn this study, we demonstrated that a single UVB irradiation of psoriatic lesional skin with 4
MEDD resulted in decreased IFN-y and increased IL-4 expressions in situ and in primary
culturess of dermal T cells derived from in vivo-UVB exposed skin. UVB irradiation causes
locall and systemic immunosuppression as demonstrated by suppressed delayed type and
contactt hypersensitivity28-29. Many different cytokines are secreted upon UVB irradiation 30.
Especiallyy PGE2, IL-10 and IL-4, which increase after UVB irradiation in mice, were
suggestedd to form an immunosuppressive cascade 31. We also observed increased IL-4
expressionn after UVB irradiation in situ in skin of healthy individuals and subsequent dermal

TT cell cultures

27

. Phototoxic effects on immunocompetent cells provide an alternative

wayy to explain immunosuppressive effect of UVB. The reduction of T cell numbers was
foundd to be 85 % in epidermis and 29 % in dermis after broad-band UVB therapy of
psoriasis,, and this T cell depletion was suggested to be the major therapeutic mechanism
off UVB irradiation in T cell related inflammatory skin diseases

2A

. It seems justified to

assumee that epidermal T cells are important in maintaining psoriasis activity as compared
too dermal T cells. However, one might think that the remaining dermal T cells could
sustainn or restart the inflammatory reactions in the psoriatic skin lesions soon after the
completionn of UVB therapy. This matter triggered us to study the IFN-y and IL-4 expression
profiless in skin and dermal T cell cultures following UVB irradiation, keeping in mind the
increasedd type 2 cytokines after UVB exposure of healthy skin 27.
Similarr to earlier studies23<24 on UVB treated patients, we found that the T cell numbers in
thee epidermis decreased after a single UVB irradiation with 4 MED, which was accompanied
byy a reduced thickness of the epidermis. Interestingly, this decrease (83.9 % reduction)
uponn a single high-dose UVB exposure was almost equal to the decrease in epidermal T
celll numbers in UVB-treated patients receiving repetitive low-dose UVB irradiation during
4-66 weeks commonly applied in clinical practice

24

. In contrast to the progressively

decreasingg numbers of epidermal T cells in lesional skin after a single UVB exposure,
dermall T cells slightly increased in number after 2 2 days, but were strongly reduced 14 days
afterr irradiation. This reduction at day 14 was even more than the dermal T cell numbers
inn psoriatic skin after regular UVB therapy (80 % in our study vs. 29 % in the study of
Ozawaa et al, 24 ). The kinetics of dermal T cells in UVB-exposed psoriatic skin is similar to
thee results of Di Nuzzo et al. showing an influx of T cells to the dermis in healthy skin 2
dayss after UVB exposure2b. This increase in dermal T cells can not be due to the migration
off epidermal T cells to the dermis, because most epidermal T cells are killed following
UVBB irradiation 24.
Inn line with earlier studies17,32, we found prominent IFN-y staining in lesional skin, especially
inn the papillary dermis. This IFN-y expression decreased following UVB exposure, which
couldd be related to decreased numbers of T cells, being the main source of this cytokine.
Inn 2 patients this decrease was observed already after 2 days following irradiation, despite
thee presence of high T cell numbers, suggesting that IFN-y expression was down-regulated
inn the T cells present in the irradiated psoriatic lesion. IL-4 expression in lesional skin
beforee irradiation was found in 2 patients. This observation is in agreement with other
studiess that demonstrated the presence of type 2 cytokines in untreated lesional skin 19'20,

althoughh type 1 cytokines are predominant 18-22<33. Considering the individual variability of
lesionn morphology, severity and disease course in psoriasis patients, it is clear that the
inflammatoryy activity of the lesions may vary enormously, even in different lesions of the
samee individual. This dynamic inflammatory state of the disease results in great range of
differencess in observations. In response to the single UVB irradiation, IL-4 expression was
increasedd in skin sections at day 2. This result shows similarity to our earlier results in
whichh we observed a dose-dependent induction of IL-4 expression in the first few days
afterr a single 4 MED UVB irradiation of healthy skin 27. The expression of IFN-y at mRNA
levell determined in frozen sections decreased progressively just like the expression at
proteinn level. However, IL-4 mRNA expression did not correlate with the expression at
proteinn level, especially at day 14 after UVB exposure. The high IL-4 mRNA expression at
dayy 14 could reflect the presence of potential IL-4 producing cells in psoriatic skin even
afterr 2 weeks following the UVB irradiation. This suggestion is supported by our results on
lesionall dermal T cells analysed by flow cytometry for the expressions of IFN-y and IL-4.
Beforee the irradiation both CD4+ and CD8+ dermal T cells were producing high amounts
off IFN-y which supports the results of Austin et al. claiming that the lesional and blood T
cellss of CD4+ and CD8+ cells produce mainly type 1 cytokines22. Szabo et al. also reported
similarlyy high IFN-y expression of isolated lesional T cells. Their results were very
heterogeneouss like our results, due to the intersubject variation in T cell numbers and
intracellularr IFN-y expression34and this interpatient variability of results was also observed
afterr UVB irradiation. In all our patients intracellular cytokine staining revealed decreased
IFN-yy and increased IL-4 expression, but the time point and degree of the change in ratios
weree very different from one patient to another. It should be noted that the IFN-y / IL-4
ratioo of each individual patient was markedly decreased after UVB exposure (Table 1), but
takenn as a group this change was not significant.
Overall,, our results showed that a single 4 MED UVB irradiation results in decreased IFNyy and increased IL-4 expression in psoriatic lesional skin in addition to an ultimate reduction
inn lesional T cell numbers. This cytokine shift from type 1 to type 2 in lesions could be
importantt in the long lasting therapeutic effect of UVB on psoriatic skin by creating a skin
microenvironmentt which does not allow the formation of new skin lesions. In connection
too this, a protective role of type 2 cytokines promoted by different therapies has been
describedd in psoriasis vulgaris35,36. It is important to find out whether a similar mechanism
iss operational in patients treated with UVB and how the skin of psoriatic patients react to
lesionall dermal T cells which remain in dermis after UVB therapy.
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Abstract t
Typee 1 T eel I-derived cytokine interferon (IFN)-y is overexpressed in psoriatic lesional
skin.. Recently, we showed that a single high erythemal dose of broad-band ultraviolet B
(UVB)) irradiation reduces type 1 and favors type 2, i.e. interleukin (IL)-4, cytokine expression
inn normal and psoriatic skin. In this study, we wanted to see whether conventional narrowbandd UVB (NB-UVB) therapy (i.e. repetitive exposure to non-erythemal doses) also affects
typee 1/ type 2 cytokine expression of T cells present in chronic plaque type psoriasis
lesions.. Staining of cryostat sections showed decreased expression of both IFN-y and IL-4
inin situ after NB-UVB therapy. Primary dermal T cell lines, derived from psoriatic lesional
skin,, displayed significantly decreased intracellular IFN-y expression in CD4+ dermal T
cellss during and after the NB-UVB therapy as compared to pre-treatment values. Intracellular
IL-44 expression was increased in most patients after the therapy. Analysis of the supernatants
off these stimulated dermal T cells revealed that IFN-y production decreased significantly
followingg NB-UVB therapy whereas IL-4 expression increased in most patients in the T
celll supernatants, confirming the intracellular determinations. In addition, IL-10 and
transformingg growth factor-6 levels in the supernatants appeared to be increased in the
majorityy of patients upon UVB therapy. Apart from the well-known killing effect of UVB
onn T cells, our results show that the improvement of psoriatic skin upon NB-UVB therapy
iss also due to a reduced capacity of the surviving dermal T cells to express the proinflammatoryy cytokine IFN-y.

Introduction n
Psoriasiss is commonly regarded as a disease with a disturbed balance between type 1 T cells
(expressionn of interferon (IFN)-y) and type 2 T cells (expression of interleukin (IL)-4). The
majorityy of investigations report a predominance of type 1 T cells in peripheral blood and in
skinn lesions although some controversial results were published as well

17

. The view that

typee 1 T cells have a prominent role in psoriasis disease activity is supported by the successful
applicationn of anti-psoriatic therapies with type 1 cytokine suppressing capability 811 .
Ultraviolett B (UVB) irradiation is known to influence the composition of the immunocompetentt cells in skin. It depletes Langerhans cells and T cells from the epidermis 12U ,
butt on the other hand, it causes the influx of, in the order of appearance, neutrophils1415,
macrophages16,, T cells13 and Langerhans cells17 . These cells, together with the irradiated
keratinocytes,, act co-operatively to change the microenvironment in UVB-irradiated skin
too cause a shift from type 1 to type 2 cytokine responses18. T cells which infitrate normal
skinn after UVB exposure have a decreased expression of IFN-y and an increased expression
off IL-419. This UVB-induced type 2 skewing is accomplished amongst others by neutrophils,
migratingg into the skin after UVB irradiation and having a high expression of IL-4 15. IL-4 is
knownn to promote type 2 and inhibit type 1 T cell development. Macrophages invading
thee UVB-exposed skin express 1L-10 in high amounts 20. Like IL-4, IL-10 inhibits type 1
immunee responses, suppresses the synthesis of pro-inflammatory cytokines and counteracts
thee antigen presentation

2123

. In this way, IL-10 is, at least partially, responsible for the

immunosuppressivee effects of UVB 18. Expression of transforming growth factor-B (TGF-B),
anotherr important immunosuppressive cytokine, increases after in vitro UVB irradiation 24
andd TGF-P may also contribute to the UVB-induced suppression of delayed type
hypersensitivityy 25.
Narrow-bandd (NB) UVB is the treatment of choice for patients with psoriasis who do not
sufficientlyy respond to topical therapies26-27. As compared to broad-band (BB)-U VB therapy,
itt is less erythemogenic

26

. Moreover, the cumulative doses needed in the treatment of

psoriasiss are less than that of BB-UVB decreasing the risk of carcinogenesis 28. Similar to
BB-UVBB therapy, it has immunosuppressive effects which likely participate in the clinical
improvement.. Considering the crucial role of T cells in the pathogenesis of psoriasis29, it
seemss to be an important mechanism that NB-UVB causes T cell depletion in psoriatic
skin,, even more effectively than BB-UVB30. Jones and co-workers showed that the peripheral
bloodd mononuclear cells from psoriasis patients have less lymphoproliferative activity
uponn stimulation after NB-UVB therapy

31

. They also found that these cells express less

IFN-yy after NB-UVB therapy. We recently observed that a local single high dose of BB-

UVBB irradiation of lesional skin of psoriasis patients causes a decrease in IFN-y and an
increasee in IL-4 expression as determined by immunohistochemical staining in skin sections
inin situ and by intracellular staining in dermal T cells in vitro32.
Heree we describe that upon therapeutic low-dose NB-UVB exposure both IFN-y and IL-4
expressionn was reduced in situ. Furthermore, in vitro stimulated dermal T cells from NBUVB-irradiatedd psoriatic lesions express markedly decreased IFN-y as compared to pretreatmentt dermal T cells indicating that NB-UVB therapy leads to a reduction of type 1
characteristicss in dermal T cells in psoriatic skin.

Materialss and Methods
Patients,, NB-UVB therapy and skin biopsies. Thirteen patients with chronic plaque
typee psoriasis were included in this study which was approved by the local ethical
committee.. Patients with a history of photo-aggravated disease, with cutaneous malignancy
orr using phototoxic medications were excluded. Systemic anti-psoriatic medications and
topicall treatments other than emollients were discontinued for a minimum of 4 weeks and
22 weeks, respectively. Patients received the standard NB-UVB therapy which was given
thricee weekly in a TL-01 lamp (Philips, The Netherlands) equipped cabinet. The initial
UVBB dose was 0.08 and 0.1 J/cm2for skin phototypes II and III, respectively. Dose was
increasedd by 3V2 times at each subsequent exposure. In case of UVB-induced skin irritation,
previouss dose was applied or treatment was stopped according to the severity of the reaction.
Psoriasiss area and severe index (PASI) was determined before, during and after the therapy33.
Fivee mm punch biopsies were obtained before treatment, at the third week of treatment
andd after treatment from the same lesion. Biopsies were either transferred to sterile PBS
containingg 100 mg/ml gentamycin (Duchefa, Haarlem, The Netherlands) for subsequent T
celll cultures or were snap frozen and stored at -80 C for immunohistochemistry.
Immunohistochemistry.. Cryostat sections (5 mm) were stained with mouse anti-human
CD33 (Dako, Glostrup, Denmark), mouse anti-human IFN-y (R&D Systems, Minneapolis,
MN),, and mouse anti-human IL-4 (Immunex, Seattle, WA) as described before32. Shortly,
primaryy antibodies and isotype controls were applied to acetone fixed sections followed
byy incubation with biotinylated goat-anti-mouse (Dako) and streptavidin peroxidase (Dako).
Peroxidasee activity was detected as red colour using the chromogen 3-amino-9ethylcarbazolee (Sigma, St Louise, MO). Hematoxylin staining was applied to observe the
celll nuclei. The thickness of the epidermis was measured at the thickest point. The length

off the 3 sections from each biopsy was measured and positively stained cells were counted
blindly.. Positive cells in epidermis and dermis were counted separately and were expressed
ass cell numbers per 1 mm2.
Dermall T cell cultures. Biopsies were incubated with 0.3 % dispase II (Boehringer
Mannheim,, Mannheim, Germany) overnight at 4 C to enable separation of the epidermis
andd dermis. Dermis was minced and incubated with 0.2 % collagenase D (Boehringer
Mannheim),, 40 U/ml DNase I (Boehringer Mannheim) and 2 % fetal calf serum in PBS for
22 h at 37 C while shaking. After that, the mix was filtered and the cell suspension was
placedd in a 96-well plate (1-2 x 105 cells in 200 ml per well) containing Iscove's modified
Dulbecco'ss medium (IMDM; Gibco Laboratories, Detroit, Ml) with 10 % human pooled
serum,, 50 U/ml human IL-2 (Cetus Corp., Emmeryville, CA) and 1:1000 phytohemagglutinin
(PHA;; Difco Laboratories, Detroit, Ml) to favor T cell growth.
Intracellularr cytokine staining. Resting T cells were stimulated in IMDM containing 5 %
humann serum, 25 ng/ml phorbol 12-myristate 13-acetate (PMA; Sigma), 1 mg/ml ionomycin
(Sigma)) and 3 mg/ml brefeldin A (Sigma) for 4 h at 37

, according to the protocol for

intracellularr cytokine staining of Becton Dickinson (San Diego, CA). The cells were first
stainedd either with allophycocyanin conjugated mouse anti-human CD4 (Becton Dickinson)
orr anti-human CD8 (Becton Dickinson) for 15 min at RT. Upon permeabilization for 10
minn at RT, they were incubated with fluorescent isothiocyanate-conjugated mouse antihumann IFN-y (Becton Dickinson) and phycoerythrin-conjugated mouse anti-human IL-4
(Bectonn Dickinson) for 30 min at RT. The stained cells were fixed with 1 % paraformaldehydee and analysis was performed by FACScalibur equipment and CellQuest software
(Bectonn Dickinson).
Cytokinee detection by ELISA. T cells cultured from the dermal cell suspensions were
stimulatedd with soluble 1:1000 diluted anti-human CD3 and anti-human CD28 (both
fromm Central Laboratory of the Netherlands Red Cross Blood Transfusion Service,
Amsterdam,, The Netherlands) in 200 ml IMDM per well in a 96-well plate. After 24, 48
andd 72 hours the supernatants were collected and stored at -20

. The concentration of

cytokiness was determined by specific sandwich ELISA's using antibodies to IFN-y (gift of
Dr.. P.H. van der Meide, U-cytech, Utrecht, The Netherlands), IL-4 (BD Pharmingen), IL100 (BD Pharmingen) and TGF-|3 (R&D Systems), following the instructions of manufacturers.

Statisticss All the data were analysed for normal distribution first. Accordingly, the means
off data from psoriasis area severity index (PASI)and immunohistochemical staining, obtained
before,, during and after NB-UVB therapy, were compared by paired Student's t- test. Flow
cytometryy and ELISA results were presented as medians. The differences before, during
andd after NB-UVB therapy were analysed by the Mann-Whitney U- test and p < 0.05 was
consideredd as statistically significant.

Results s
6 66

I m p r o v e m e n t of psoriasis after N B - U V B therapy. The psoriasis patients (7 male
andd 6 female; age 28 - 77 years, mean 53
4.44 - 13.2 (mean 9.7
weekss (mean 10

15) included in this study had a PASI between

2.2). The duration of the NB-UVB treatment was between 9 -11

0.6 weeks). The PASI of all patients decreased significantly 3 weeks

afterr the start of the therapy (mean 6.5

1.9) and a further significant decrease of the PASI

wass appreciated after therapy (mean 2.0

1.6, p < 0.001; Figure 1).

Thee clinical healing of psoriatic lesions was accompanied by decreased epidermal thickness
(666 % decrease, p < 0.05) and a reduction of T cell numbers in epidermis (88 % decrease,
pp < 0.05) and in the dermis (60 % decrease, p < 0.05; Figure 2).
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Figuree 1. PASI of patients. All the patients (n = 13)
includedd in the study showed a good clinical response to
thee NB-UVB therapy as scored by PASI (* p < 0.001).

R e d u c e dd expression of IFN-y a n d IL-4 in psoriatic skin in situ after N B - U V B
t h e r a p y .. Abundant expression of IFN-y was detected in sections from lesional psoriatic skin
beforee NB-UVB therapy (6.5 - 37.5 cells / mm 2 , mean 17.3

5.4). This expression was

mainlyy confined to the cellular infiltrate in the papillary dermis. Double staining showed that
IFN-yy expression co-localized with CD3 + T cells (data not shown). This result was in
agreementt with our earlier results 32 . After NB-UVB, IFN-y expression decreased significantly
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decrease,, p < 0.05; Figure 3).
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IL-44 was also present in the pre-treatment
biopsies,, though in low numbers (0.5 - 3 cells/
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preferentiall localization. After the NB-UVB
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therapy,, no IL-4 expression could be detected
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inn any of the psoriatic sections (Figure 4).
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Nextt we wanted to know whether the T cells,
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andd after NB-UVB therapy and these cells were
culturedd for T cell growth. Intracellular IFN-y

Figuree 2. Histological evaluation of epidermal
thicknesss and T cell numbers after NB-UVB therapy.
Clinicall healing was accompanied by histological
improvementt of the skin lesions. The epidermal
thicknesss was decreased, as well as the number of
TT cells, mainly in the epidermis and to a lesser extent
inn the dermis, as determined by CD3 staining of
frozenn sections (n = 5, * p < 0.05).

expressionn of CD4 + dermal T cells was between
4.33 - 61.5 % (median 12.8 %) before therapy,
betweenn 3.1 - 36.8 % (median 14.8 %) after 3
weekss of therapy and between 0.7 - 15.6 %
(mediann 9.7 %) after therapy. The reduction of
IFN-yy expression in this group of 10 psoriasis
patientss was significant after treatment as
comparedd to the pre-treatment values (Figure
5A).. The percentage of CD8 + IFN-y + T cells was
betweenn 12.7 - 67.7 % (median 31.9 %) before
therapy,, between 0.7- 64.1 % (median 34.2
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Figuree 3. IFN-y expression before and after NB-UVB therapy. Expression of IFN-y was significantly decreased
uponn NB-UVB therapy. Left panel, IFN-y expression was abundant at papillary dermis before the therapy as
seenn as red stained cells. Middle panel, this expression markedly decreased following the therapy (magnification
xx 200). Right panel, the decrease of IFN-y expression was already significant at 3 rd week of therapy (n = 5, *
p << 0.05) Us» page 189).
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Figuree 4. IL-4 expression before and after NB-UVB therapy. As shown in the left panel, IL-4 occasionally was
expressedd as single cells (arrows) in epidermis and dermis of lesional skin before NB-UVB therapy. In the
middlee and right panel is illustrated that, this expression disappeared completely after NB-UVB therapy (n =
5,, magnification x 200, * p < 0.05) (35» page 189).

%)) after 3 weeks of therapy and between 0.7 - 84.5 % (median 11.9 %) after completion of
thee therapy. Although the median IFN-y expression of C D 8 + T cells was decreased upon
NB-UVBB therapy, this reduction was, however, not significant (Figure 5B).
Thee percentage of IL-4 expressing CD4 + T cells was between 0.6 - 26.8 % (median 11.5 %)
beforee the therapy. In 6 out of 10 patients, IL-4 expression was increased after the treatment
(Figuree 5C), but judged as a group this increase was not significant (2.5 - 77.8 %, median
11.77 %). Similarly, CD8 + T cells from 4 patients showed increased expression of IL-4 after
thee therapy (Figure 5D), although this change, like in the CD4+ T cells, did not reach
statisticall significance (before therapy 1.4 - 29.3 %, median 8.2 % and after therapy 0.6 34.33 %, median 8.5 %). As concerned the IL-4 expression at week 3 of the therapy, an
insignificantt decrease was observed in the percentages of IL-4 expressing CD4 + and CD8 +
TT cell lines (6 out of 10 and 7 out of 10) respectively, as compared to pre-treatment values
(IL-4 + CD4 + TT cells between 1.8 - 18 %, median 6.1 % and IL-4 + CD8 + T cells between 0.9
-- 1 6.9 %, median 6.7 %; Figure 5C and 5D).
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Figuree 5. Determination of intracellular expression of IFN-y and IL-4 in dermal T cells from psoriatic lesions.
a,, Intracellular IFN-y expression of dermal CD4 + T cells significantly decreased after NB-UVB therapy as
determinedd by flow cytometry (* p < 0.05). b, IFN-y was highly expressed in CD8 + dermal T cells before
therapy.. This expression did also decrease after the NB-UVB therapy, albeit not significantly, c and d, IL-4
expressionn both in CD4 + and CD8 + T cells did not show a consistent change (n = 10). Individual bars represent
patientss over the time points of the treatment.

Dermall T cells from psoriatic skin display reduced production of IFN-y after
N B - U V BB therapy. To estimate the cytokine secretion by the lesional T cells, the dermal T
celll lines were stimulated with CD3 and CD28 for 24 h, 48 h, and 72 h after which the
supernatantss were tested by ELISA. The highest cytokine expression was found in the
supernatantss yielded at 48 h (data not shown). Because of this, cytokine determinations were
donee in 48 h-supematants in all further experiments. Similar to the results of intracellular
cytokinee determination in dermal T cells from psoriatic skin, the amount of IFN-y in T cell
supernatantss decreased significantly after the NB-UVB therapy (mean IFN-y expression 785
pg/mll after the treatment, p < 0.05; Figure 6A). The presence of IL-4 in T cell supernatants
increasedd in 6 out of 8 patients therapy (mean IL-4 expression before therapy 351.5 p g / m l
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Figuree 6. Expression of IFN-y, IL-4, IL-10, and TCF-(3 in the supematants of activated dermal T cells from
psoriaticc skin lesions, a, IFN-y expression in the supematants of anti-CD3 and anti-CD28 activated dermal T
cellss decreased significantly after NB-UVB therapy (* p < 0.05). b, The supematants from 6 out of 8 dermal T
celll lines contained more IL-4 after NB-UVB therapy, but this change was not consistent, c and d, Expression
off IL- 10 and TGF-P increased in 5 out of 8 patients, but this was also not a consistent finding (n = 8).
Individuall bars represent patients over the time points of the treatment.

andd after therapy 748 pg/ml; Figure 6B). Because the anti-inflammatory cytokines IL-10
andd TGF-P may participate in immunomodulation upon UVB therapy, we decided to test
thee T cell supematants for these cytokines as well. The IL-10 expression in 5 out of 8
patientss increased after the therapy (mean IL-10 concentration before therapy 2507 p g / m l
andd after therapy = 4707 pg/ml; Figure 6C). The expression of TGF-P was quite low as
comparedd to the level of the other cytokines in the supematants of dermal T cell lines. This
expressionn also increased in 5 of 8 patients after the NB-UVB therapy (mean TGF-B
concentrationn before therapy 62.5 pg /ml and after therapy 108.5 pg/ml; Figure 6D). Thus,
thee production of IL-4, IL-10, as well as TGF-P, all capable to counteract the production of
IFN-y,, showed a tendency to be increased by NB-UVB therapy, although this enhancement
wass not significant.

Discussion n
Inn this study we demonstrated that NB-UVB therapy resulted in a significant reduction of
IFN-yy expression in the psoriatic lesional skin in situ. This decrease was not simply due to
thee reduction of T cell numbers upon NB-UVB irradiation (88 % in epidermis and 60 % in
dermis).. As compared to pre-treatment lesional dermal T cells, dermal T cells present in
thee dermis after the NB-UVB therapy produced less IFN-y, as based on intracellular flow
cytometryy and ELISA determinations. Therefore, another crucial effect of NB-UVB therapy
onn the T cell population in psoriatic skin is, apart from the depletion of T cells, clear
inhibitionn of IFN-y expression in the dermal T cells surviving NB-UVB.
Thee results of this study and studies of other researchers showed that the decrease in
numberr of T cells after UVB therapy is mostly confined to the epidermis, while this decrease
iss less pronounced in the dermis 30-34. This is likely due to the limited capacity of UVB to
penetratee through the epidermis. Nevertheless, UVB irradiation can cause changes in the
cellularr composition of the dermis 13<15-17. The effects of UVB exposure on dermal T cells
cann be a direct effect of UVB as approximately 9 % of UVB with a wavelength of 313 nm
cann penetrate the skin 35. Because T cells can be killed with doses of UVB as little as 1 -10
%% of estimated MED for a Caucasian individual 36 , UVB dose reaching the dermis is still high
enoughh to have phototoxic effects on dermal T cells. On the other hand, cutaneous T cells
mayy receive indirect effects of UVB via alterations in the levels of cytokines (e.g. IL-1, IL-8,
TNF-aa and many others) in the irradiated skin which likely are produced by keratinocytes.
Interestingly,, UVB-exposed Langerhans cells lose their capacity to stimulate Th1 cells, but
nott Th2 cells, which could explain the switch from type 1 to type 2 cytokine responses in
UVB-irradiatedd skin 37 . This UVB-caused immunosuppression in the skin can be transmitted
too the draining lymph nodes by migration of immunocompetent cells and altered cytokine
levels,, eventually leading to the dermal and systemic failure of the immune system 38.
Wee have recently demonstrated that irradiation of normal and psoriatic lesional skin with
aa single high erythemal dose of BB-UVB induced or increased IL-4 expression in situ1932.
Inn contrast however, present study revealed a decreased in situ expression of IL-4 in the
skinn sections after the NB-UVB therapy (repetitive non-erythemal doses). It is unlikely that
thiss discrepancy was caused by the different UVB sources, because a very recent study
revealedd similar immunological effects after exposure to equal erythemal doses of NBUVBB or BB-UVB39. Our observation that a nonerythemogenic dose of UVB does not induce
IL-44 expression in situ in normal skin (Teunissen, unpublished data), makes us believe that
thee differences between our earlier and present studies could be explained by high dose

versuss low dose UVB exposure. A high dose (4 times the minimal erythemal dose) of BBUVBB causes inflammation and the infiltration of, amongst others, neutrophils that happen to
bee IL-4+15'40. In case of repetitive non-erythemal low dose NB-UVB there is no inflammation
andd no infiltration of immunocompetent cells, hence the absence of IL-4 in the chronic NBUVBB exposed skin is related to a lack of neutrophil influx. The few IL-4 expressing cells in
untreatedd psoriatic skin of some patients were identified as neutrophils40 and they were not
foundd in UVB-treated skin, probably due to the remission of the local inflammatory activity.
Wee did not study the fate of these intralesional neutrophils after exposure to NB-UVB, but it
iss reasonable to think that they died (because it is well known that these cells have a short
life)) rather than they recirculated.
Concerningg the effect on IFN-y and IL-4 production in primary cultures of T cells from NBUVBB exposed skin, we demonstrated a reduced IFN-y but increased IL-4 production in most
TT cell lines. This effect of repetitive non-erythemal UVB irradiation is quite similar to the
effectt of one single exposure to a high erythemal dose of UVB, as we reported before 40. In
casee of high dose BB-UVB treatment inflammation occurs, and related to this, infiltration of
IL-4++ neutrophils and IL-10+ macrophages takes place, both creating conditions for type 2 T
celll skewing. In case of NB-UVB therapy non-erythemal doses are used which do not provoke
inflammationn and no influx of neutrophils and macrophages, but nevertheless the intralesional
TT cells also display significantly reduced IFN-y expression and increased expression of IL-4
inn most T cells. In line with our results, it was recently reported that NB-UVB therapy causes
decreasedd IFN-y and increased IL-4 expression in psoriatic skin lesions 41. Although the
enhancementt of IL-4 expression in dermal T cells was less pronounced after repetitive low
dosee NB-UVB than observed after high dose BB-UVB, it is important to note that these
differentt UVB irradiation protocols both lead to a significant decrease in the expression of
proinflammatoryy cytokine IFN-y. Suppression of type 1 cytokine response and induction
off type 2 cytokine response as a result of exposure to UVB can play a prominent role in the
healingg of psoriasis lesions. This view is supported by the effectivity of treatments
promotingg the type 2 immune responses e.g. IL-4
foundd to be effective as a treatment for psoriasis

11

. In clinical trials, IL-10 was also

10,42

. Interestingly, we found that the IL-

100 expression was increased in most patients after NB-UVB therapy. Another cytokine
off interest being produced by T cells was TGF-B

43

, because it has anti-proliferative

44 45

actionss on keratinocytes - . This expression increased in most patients after the NBUVBB therapy, but the amount was low as compared to the other measured cytokines and

itt is not clear whether TGF-P expression from T cells contributes to the immunosuppressive
effectss of UVB.
Thee results of the present study emphasize that immunological changes occur in the psoriatic
skinn after NB-UVB therapy. It is clear that the depletion of epidermal T cells expressing
IFN-yy contributes to the therapeutic effect of UVB therapy as these cells are known to be
involvedd in the pathogenesis of psoriasis. Our in vitro results show that the intralesional T
cellss surviving NB-UVB therapy have a clearly different phenotype in terms of their cytokine
expressionn profile than T cells in the untreated lesional skin. The former have a diminished
capacityy to express IFN-y and an increased capacity to express IL-4, IL-10 and TGF-B in
lesionss of most psoriasis patients.This loss of type 1 phenotype and skewing to a type 2
phenotypee could be another immunological mechanism in therapeutic effectiveness of
NB-UVB-radiationn on psoriatic lesions showing that the changes after NB-UVB therapy
aree not only confined to epidermis. It is not yet known, however, whether this change is
mediatedd directly through the effect of UVB radiation on T cells or, indirectly, through the
alterationn of environmental conditions of these cutaneous T cells.
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Abstract t
Ultraviolet-BB (UVB) irradiation can cause considerable changes in the composition of
cellscells in the skin and in cutaneous cytokine levels. We found that a single exposure of
normall human skin to UVB induced an infiltration of numerous IL-4+ cells. This recruitment
wass detectable in the papillary dermis already 5 hours after irradiation, reaching a peak at
244 hours and declining gradually thereafter. The IL-4+ cells appeared in the epidermis at
244 hours post-radiation and reached a plateau at days 2 and 3. The number of IL-4+ cells
wass markedly decreased in both dermis and epidermis at day 4, and at later time-points
thee IL-4 expression was absent. The IL-4+ cells did not co-express CD3 (T cells), tryptase
(mastt ceils), CD56 (natural killer cells), and CD36 (macrophages). They did co-express
CD155 and CD! 1 b, showed a clear association with elastase, and had a multi-lobed nucleus,
indicatingg that UVB-induced infiltrating IL-4+ cells are neutrophils. Blister fluid from
irradiatedd skin, but not from control skin, contained IL-4 protein as well as increased levels
off IL-6, lL-8, and TNF-a. In contrast to control cultures derived from non-irradiated skin, a
predominantt type 2 T cell response was detected in T cells present in primary dermal cell
culturess derived from UVB-exposed skin. This type 2-shift was abolished when CD15+
cellss (i.e. neutrophils) were depleted from the dermal cell suspension before culturing,
suggestingg that neutrophils favor type 2 T cell responses in UVB-exposed skin.

Introduction n
Exposuree to ultraviolet (UV) radiation is inevitable, because it is part of the sunlight that
reachess the earth surface. UV radiation, especially UVB, has considerable impact on the
naturall homeostasis within the skin. Amongst others, the skin immune system is affected,
ass illustrated by features of inflammation that develop and the concurrent alterations in the
compositionn and function of different cell types1. The Langerhans cells (LC) in the epidermis
aree decreased in density and altered in morphology due to photo-toxic effects of UVB2.
Somee of the LC can survive and are still able to migrate and to stimulate T cells, despite the
presencee of UVB-induced DNA damage3. Probably dependent on the amount of DNA
damage,, these surviving LC undergo either accelerated apoptotic cell death or potentiated
maturation4.. The epidermal T cells are depleted by the deleterious radiation5, likely by
inductionn of apoptosis6,7. In the dermis a cellular infiltrate starts to develop upon UVB
exposure,, beginning few hours after irradiation and peaking at day 2. In the order of entrance,
thiss infiltrate is composed of neutrophils8-9, macrophages1011 and predominantly CD4+
memoryy T cells 5. During the next few days, these infiltrated cells tend to migrate into the
epidermis;; first the neutrophils appear, later followed by the macrophages. Three days
afterr UVB irradiation LC start to migrate from the hair follicles to repopulate the epidermis12,
whereass one week post-irradiation a selective influx of CD4+ T cells emerges5.
Inn addition to the dynamics of these different cell populations in time, UVB radiation also
causess a temporal change in the cutaneous cytokine micro milieu. Keratinocytes are believed
too be major sources of all kinds of factors, such as cytokines, chemokines, growth factors and
manyy others13. The constitutive production of these factors by these cells is rather low, but
considerablyy enhanced by UVB radiation13'14. UVB potently induces the release of proinflammatoryy mediators IL-1, IL-6, IL-8, TNF-a, and PGE2 from keratinocytes, likely responsible
forr the onset of the inflammation and the induction of the chemotaxis of the neutrophils and
macrophagess into the skin. The infiltrating macrophages have been shown to produce huge
amountss of IL-1015. UVB also induces a strongg transient expression of the chemokine psoriasin,
firstt around the dermal capillaries and subsequently in the epidermis16. Psoriasin is a specific
chemoattractantt for CD4+ T cells, and the anatomical location of UVB-induced psoriasin
expressionn nicely correlates with the influx of the CD4+ T cells into the irradiated skin site at
alll time points. As a result of all the changes in the composition and function of the different
cutaneouss cells and their cytokine-production patterns, the UVB-exposed skin provides a
microenvironmentt that favors the development of type 2 T cell responses.
Inn this respect it was interesting to find by RT-PCR and immunohistochemistry that UVB
radiationn induced a strong expression of IL-4 mRNA and protein in normal human skin in

s/futwoo days post-irradiation, while reducing the expression of IFN-y17. The majority of the
IL-4++ cells were found in the papillary dermis and to a lesser extent in the epidermis, and they
hadd a scattered distribution. Double staining with CD3 antibody indicated that only 2 % of
thee IL-4+ cells could be identified as T cells. At day 14 after UVB exposure, as well as in
non-irradiatedd control skin, no IL-4 protein expression could be detected in cryostat sections.
Thee present study was set up to determine the kinetics of UVB-induced IL-4 expression,
usingg skin biopsies obtained at different time-points after irradiation. To identify the actual
celll type(s) expressing this cytokine we performed double-staining immunohistochemistry,
usingg specific antibodies against cell types known to produce IL-4, such as mast cells,
granulocytess and natural killer cells. In order to investigate whether the presence of the IL4 ++ cells also led to significant concentrations of IL-4 in the irradiated skin we raised blisters
andd analyzed the fluid for the presence of this cytokine. Further, we tested if the IL-4+cells
couldd affect the Th1/Th2 balance of the T cell response in dermal cell cultures. In this
reportt we show that UVB radiation induced a transient appearance of IL-4+ neutrophils in
normall human skin, having its maximum at day 1 and 2 post-irradiation, and that these
cellss contributed to the enhanced development of type-2 T cells in dermal cell cultures
fromm UVB-irradiated skin.

Materialss and Methods
UVBB irradiation of the subjects. Twelve adult Caucasian volunteers participated in
thiss study after informed consent according to the guidelines of the Medical Ethical
Committeee of the hospital. Their mean age was 27 (range 21 - 35) years and none suffered
fromm any skin disease or from light hypersensitivity. One month before the startt and during
thee experiment the volunteers had to refrain from excessive sunlight and were prohibited
too use tanning lamps. The minimal erythema dose (MED) for each donor was determined
onn the left buttock one week before the experiment by irradiating separate small areas of
skinn with increasing doses of UVB and reading the results 24 h later. The lowest dose
inducingg erythema was taken as 1 MED. The irradiation was performed with a 1000 W
xenon-arcc solar simulator lamp (Oriel, Stratford, CT) in combination with a 303 interference
filterr (Jenaer Glaswerke Schott & Gen., Mainz, Germany) that only transmits the UVB
spectrumm (280 - 320 nm), as described previously5. Single doses of 4 MED were given to
separatee sites of the right buttock at various time points before taking biopsies. The biopsies
weree taken under local anesthesia and were immediately frozen in liquid nitrogen and
storedd at

.

Immunohistochemistry.. Series of 6-mm cryostat sections were cut and after drying
overnightt they were separately wrapped in aluminum foil and stored at

C until use.

Thee details of the single- and double-staining procedures are described elsewhere5. The
cryostatt sections were thawed, unwrapped and fixed in acetone for 10 min at

. The

sectionss were incubated overnight with mouse anti-human IL-4 mAb (clone M 1 ; from
Genzyme,, Cambridge, MA and from Immunex Corporation, Seattle,WA), followed by an
incubationn for 30 min with biotin-conjugated goat anti-mouse (Dako, Glostrup, Denmark),
andd another incubation for 30 min with horseradish peroxidase-conjugated streptavidin
(Dako).. The peroxidase activity was visualized as an orange-red color by incubation with
3-amino-9-ethylcarbazolee (Sigma, St Louis, MO) plus H 2 0 2 . In the double-staining
experimentss we used FITC- or alkaline phosphatase (AP)-conjugated primary mAbs to
alloww simultaneous detection of IL-4 and several cluster of differentiation markers. The
bindingg of the FITC-labeled mAbs was detected by AP-conjugated goat anti-FITC (Dako).
Thee AP activity was visualized as a blue color by incubation with naphthol-AS-MXphosphatee (Sigma) plus fast blue BB (Sigma). The following FITC-labeled antibodies were
used:: CD3 (Becton Dickinson, Mountain View, CA), CD11b (Immunotech, Marseille,
France),, CD15 (Dako), CD36 (Immunotech), CD56 (Becton Dickinson). The AP-conjugated
anti-tryptasee to stain mast cells was purchased from Chemicon (Temecula, CA). BB1 mAb
too identify basophils was a gift from Dr. A.F.Walls (Southampton General Hospital, England).
EG22 mAb to detect eosinophils was purchased from Pharmacia (Uppsala, Sweden) and
NP577 (anti-elastase) mAb to recognize neutrophils was from Dako.

Quantificationn of cells in cryostat sections. The identification-labels of all object
glassess were covered and the sequence of the glasses was mixed before counting to enable
blindd quantification by three different investigators. Only clearly stained cell bodies were
countedd in three different sections per time-point per volunteer. The value of each individual
sectionn was adjusted to 10-mm horizontal section values by dividing with the horizontal
widthh multiplied by 10. The total mean of cell numbers per time-point was calculated
fromm the mean values of corresponding time-points of all volunteers.
Suctionn blisters. Blisters were raised in duplicate on UVB-exposed sites at 24 h and 48 h
afterr irradiation and on non-irradiated skin at the medial site of the upper arm. We used
warmedd

) vacuum cups and applied a negative pressure of 200 mmHg. Two 10 mm

blisterss were raised per vacuum cup and the exudate was collected by a syringe. All blisters
weree produced in 1 - 2 h at one single time point. The fluid of duplicate blisters was

pooledd (approximately 0.35 ml) and centrifuged at 500 g before storage of the supernatant
att

. The blister roofs were taken off by scissors and stained overnight at

C with

FITC-conjugatedd CD15 after fixation for 10 min in acetone.
Cytokinee analysis. Measurement of IL-4 protein was performed by a specific solid phase
sandwichh ELISA (detection limit, 4 pg/ml), using coating Ab, biotin-conjugated detecting
Abb and IL-4 standard from CLB (Amsterdam, The Netherlands). Protein levels of IL-6
(detectionn limit, 20 pg/ml), IL-8 (detection limit, 10 pg/ml), and TNF-ct (detection limit, 20
pg/ml)) were determined by specific ELISAs from BioSource Europe (Nivelles, Belgium),
usingg the manufacturers' protocols.
Preparationn of primary dermal cell cultures. The biopsies were extensively rinsed
withh PBS and cultured overnight at 4 C in 0.3 % dispase II (Boehringer Mannheim,
Mannheim,, Germany). After removal of the epidermis, the dermal tissue was minced by
scissorss and incubated for 2 h at

C in PBS containing 0.2% collagenase D (Boehringer

Mannheim),, 40 U/ml DNase I (Boehringer Mannheim) and 2 % FCS. The suspension was
sievedd to remove tissue debris and after centrifugation cells were resuspended in Iscove's
modifiedd Dulbecco's medium with 5% pooled normal human serum (BioWhittaker,
Walkersville,, MD) and 50 mg/ml gentamycin (Sigma). The dermal cells were seeded at 105
cellss in 200 ml per well in a round-bottom 96-well plate (Costar, Cambridge, MA). Because
thee yield of dermal cells was low (approximately 105 cells per biopsy) and contained 10 %
orr less T cells, the fresh dermal cell suspension was incubated with the polyclonal T-cell
stimuluss PHA first. In order to promote T cell growth in this primary dermal cell culture, 1
ml/mll phytohemagglutinin ((Difco Laboratories, Detroit, Michigan) and 50 U/ml
recombinantt human IL-2 (Cetus Corp., Emmeryville, CA) was added to the culture medium.
Thee expanding polyclonal dermal T cells in the primary cultures were transferred to 24welll culture plates and maintained in culture medium with 20 U/ml IL-2. The T cells,
expandedd within the primary dermal cell cultures, were tested for their cytokine pattern
afterr 2 or 3 weeks.
Depletionn of C D 1 5 + cells. The freshly prepared dermal suspension from UVB-exposed
skinn was split. One part of the dermal cell suspension was incubated with paramagnetic
CD155 MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany) to label the CD15+
cells.. According to the manufacturers' protocol the cells were subsequently loaded into a
celll separation column which was placed in a miniMACS magnet (Miltenyi Biotec). The

unlabeledd dermal cells were able to run through the column while the CD15+ cells were
retained.. The collected cells were washed and resuspended in culture medium. The other
partt of the fresh dermal cells was treated in a similar way but with omission of the magnetic
beads.. A small number of both cell populations was labeled with FITC-conjugated CD15
too determine by FACS the success of the depletion.
Analysiss of intracellular cytokines. T cells in primary dermal cell cultures were
stimulatedd with 25 ng/ml PMA (Sigma) plus 1 mg/ml ionomycin (Sigma) for 4 h at

C in

thee presence of 3 mg/ml brefeldin A (Sigma). Cells were washed in FACS medium (PBS
withh 2 % FCS and 0.1 % azide) and subjected to staining of the cell surface with
allophycocyanin-labeledd CD4 (Becton Dickinson). Intracellular cytokine staining was
performedd using phycoerythrin-conjugated anti-IL-4 and FITC-conjugated anti-IFN-y (Becton
Dickinson)) according to the manufacturers' protocol. Labeled isotype controls were from
thee same company. The triple-stained cells were analyzed with a FACScalibur equipped
withh CellQuest software (Becton Dickinson).
Statisticc analysis. The unpaired two-sided Student's t test was used to evaluate the results,
consideringg values P< 0.05 as significant. The data are expressed as mean

SD.

Results s
UVBB radiation induces a transient expression of IL-4. In a recent study we detected
aa high number of IL-4+ cells in irradiated human skin at day 2 after a single exposure to
UVB.. The current investigation was aimed to determine the time course of the U VB-induced
IL-44 expression. To this end we took biopsies from UVB-exposed skin at different timepointss after irradiation and stained cryostat sections with a specific anti-human IL-4 mAb.
Inn non-irradiated control skin an occasional IL-4+ cell was observed in the dermis, whereas
thee epidermis was devoid of such cells (Figure 1 A). Already 5 h after exposure to 4 MED
UVBB few clearly positively stained cells could be detected in the dermis, which were all
localizedd around the capillaries in the papillary dermis (Figure 1B). Ten h after irradiation
thee number of IL-4+ cells in the dermis was markedly increased and these cells had a
scatteredd distribution in the dermal region between the vessels and the basal membrane
(Figuree 1C). The IL-4+ cells were always distinct, not clustered, and strongly positive. At the
nextt time point, day 1, the number of lL-4+ cells had reached a maximum in the dermis
(3344

86 per 10 mm section, Figure 2), and these cells also started to appear in the

epidermiss (Figure 1D). From day 2 through day 4 post-irradiation, the number of IL-4+ cells

Figuree 1. Infiltration of IL-4+ cells in human skin after UVB irradiation. Skin biopsies were obtained from
buttockk skin of a healthy volunteer at 5 h, 10 h, or 24 h after a single exposure to UVB, using non-irradiated
skinn as control (con). IL-4 protein expression was determined in cryostat sections by immunohistochemistry.
IL-4++ cells can be recognized as red stained cells. Results are representative of data from 3 different volunteers.
(x3*(x3* page 189).

inn the dermis declined gradually (Figure 2). In the epidermis the IL-4 expression reached a
maximumm at day 3 (48

25 per 10 mm section) and clearly decreased at day 4. The IL-4

expressionn could not be found in the dermis and epidermis at later time points (Figure 2).
T h ee U V B - i n d u c e d IL-4 + cells are neutrophils. In order to determine which cell-type
inn the normal human skin was triggered by UVB to express IL-4, we performed doublestainingg experiments. In these experiments we used biopsies taken at day 2 after irradiation,
becausee the IL-4 signal was most prominent at this time-point in both dermis and epidermis.
Thee skin sections were stained with anti-IL-4 plus one antibody specific for cell-types that
aree known to produce IL-4; i.e. CD3 as a marker for T cells, CD56 for natural killer cells,
tryptasee for mast cells. In line with our previous study, we found that about 2 % of the IL-4+
cellss co-expressed CD3 (Figure 3A). Except for an occasional double-positive cell (much less
thenn 1%), the IL-4+ cells were negative for tryptase (Figure 3B) and for CD56 (not shown).
Thesee data indicate that the IL-4 was apparently not induced in a resident skin cell.
Next,, we extended our panel of mAbs with markers for cells that are known to infiltrate the
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Figuree 2. Transient expression of IL-4 in UVB-exposed skin. Human skin biopsies were obtained from three
differentt volunteers at indicated time-points following exposure to UVB. Three cryostat sections per time-point
weree stained for IL-4 and three investigators counted the number of positive cells in the dermis and epidermis;
soo each bar represents at least the mean of 27 determinations with the SD. The asterisk indicates the time-points
att which the number of IL-4+ cells was significantly different from that found in control skin (C).

-a -a
3> >

85 5
T3 3
OO
O. .

skinn after UVB i r r a d i a t i o n ; i.e. C D 1 1 b , C D 1 5 , and C D 3 6 for macrophages and/or
granulocytes.. Although many CD36 + cells were found in the UVB-exposed skin samples
(mainlyy in the dermis), they did clearly not co-express IL-4 (Figure 3C). To our surprise, we
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foundd that the majority of the IL-4 + cells (Figures 3 D and 3E) in the cryostat sections coexpressedd CD11 b (76.3 %

11.9 %) and C D ! 5 (85.7 %

7.9 % ) . In addition, 60.8 %
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Figuree 3. UVB-induced IL-4 expression is associated with expression of CD11b, CD15, and elastase. Skin
biopsiess were taken at day 2 after irradiation with UVB and cryostat sections were double-stained to detect
IL-44 (red color; white arrow) plus the markers CD3 (a), tryptase (b), CD36 (c), CD1 l b (d), or CD15 (e), which
cann be recognized by a blue color (black arrow). Take notice of the co-localization (white arrowhead) of IL44 with CD11 b (d) and CD15 (e). Two serial sections from a biopsy taken at 10 h post-irradiation, which were
stainedd for IL-4 (f) and elastase (g) respectively (plus hematoxilin nuclear staining), indicate the co-localization
(blackk arrowhead) of these two markers. Results are representative of data from 3 different volunteers.
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10.33 % of the CD11 b+ cells and 71.8 %

9.3 % of the CD15+ cells were also positive for

IL-4.. The CD11b and CD15 expressing cells had a scattered distribution, like the 1L-4
expressingg cells.
Becausee these results pointed out that the UVB-induced IL-4+ cell are presumably
granulocytes,, we performed single staining of serial sections with mAbs BB-1, EG2, and
anti-elastasee to discriminate basophils, eosinophils, and neutrophils, respectively. We could
nott detect basophils or eosinophils in UVB-irradiated skin. Examination of serial sections
fromm UVB-exposed skin revealed that the anti-elastase staining clearly matched the number,
distribution,, and localization of the IL-4+ cells (Figures 3 F and 3G). All these results together
indicatee that the IL-4+ cells are neutrophils.
Significantt levels of IL-4 in blister fluid upon UVB treatment. Regarding our
findingg that UVB irradiation of normal human skin induces the appearance of large numbers
off IL-4+ cells, we questioned whether increased levels of this cytokine could be appreciated
inn irradiated skin as well. To answer this, we produced suction blisters on day 1 and day 2
afterr UVB exposure, because the recruitment of lL-4+ cells was maximal at these time
pointss (Figure 2). We also determined the levels of pro-inflammatory cytokines IL-6, IL-8,
andd TNF-a in the blister fluid in order to be able to compare our results to what other
investigatorss have found in their studies. IL-4 could be found at low levels in blister fluid
att 24 and 48 h after irradiation in both volunteers (Figure 4, top left), whereas IL-4 protein
wass not detectable in exudate from non-irradiated skin from the same subject. As compared
too blister fluid from non-irradiated skin, the content of IL-6 and IL-8 in the blister fluid was
markedlyy raised at 24 h and remained still high at 48 h after UVB treatment (Figure 4, right
topp and bottom). UBV exposure also induced high levels of TNF-a at 24 h upon UVB
exposure,, however the concentration was substantially reduced at 48 h, even reaching
levelss below control skin (Figure 4, bottom, left).
Thee blister fluid was centrifuged before storage to remove cells that could be present in
thiss exudate. Although no pellet was perceptible in any sample, we prepared one cytospin
perr exudate sample of the remainder fluid after removal of the supernatant. The cytospin
preparationss contained few numbers of cells, which were stained for IL-4 according to the
protocoll used to stain cryostat sections. Only in the cytospins of blister fluid derived from
UVB-exposedd skin, some clear IL-4+ cells could be observed (Figure 5A), but because of
thee limited number of cells we could not perform a reliable quantification. All of the IL-4+
cellss possessed a characteristic lobed nucleus providing additional evidence that the IL-
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Figuree 4. IL-4 protein present in
blisterr fluid from UVB-exposed skin.
Suctionn blister fluid was obtained
fromm two subjects (indicated by open
andd closed circles, respectively) 24
hh or 48 h afterr treatment with UVB.
Controll blister fluid (values at timepointt 0 h), was obtained from nonirradiatedd skin of the same subjects.
Thee fluid was centrifuged to remove
cellss and was analyzed for the
presencee of IL-4, IL-6, IL-8, and TNFaa by specific ELISAs.
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4 + CD15 + CD11b ++ cells indeed are neutrophils. The blister roofs were stained w i t h FITClabeledd CD15 showing the distribution of these cells in the epidermis from irradiated skin
fromm a different angle (Figure 5B). No CD15
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cells were present in the epidermis of non-
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irradiatedd control skin (data not shown).
Inn order to study the IL-4 + cells in more detail we attempted to purify these cells, using a
separationn technique, w h i c h was successful to isolate neutrophils from peripheral blood
byy means of CD15 mAb conjugated magnetic microbeads 18 . The small number of dermal
cellss that could be isolated from the skin biopsies, however, hampered these experiments.
Figuree 5. IL-4 expression in dermal CD15 + cells with
aa multi-lobed nucleus. Cytospins of cells from blister
fluidd (a) and from a suspension of dermal cells (c
andd d) both derived from UVB-exposed skin were
stainedd for the presence of IL-4 (red color). Take
noticee of the multi-lobed nucleus in the positive eel Is.
Inn one experiment the cells were also stained for the
expressionn of CD15 (blue color), indicating that the
IL-4++ cells co-express CD15 (c). The blue nuclear
stainingg in the two other samples (a and d) was
provokedd by hematoxilin. An epidermal sheet (blister
roof)) was obtained from UVB-treated skin at day 2
post-irradiationn and was stained w i t h FITCconjugatedd CD1S, showing the distribution of
infiltratingg CD15 + neutrophils ( b ) . ( j ^ page 190).
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Thee yield of CD15 + cells was very low (less than 103), and because the viability and purity
off these cells were bad (less than 50 %) they were not suitable for further tests (data not
shown).. On the other hand, application of this magnetic cell separation technique appeared
too be useful to prepare a dermal cell suspension devoid of CD15 + cells (see below).

D e p l e t i o nn of C D 1 5 + cells f r o m the d e r m a l cell suspension f r o m U V B - e x p o s e d
skinn a b o l i s h e s the f a v o r e d d e v e l o p m e n t of T h 2 responses. N o w we have
demonstratedd that UVB exposure induces not only the appearance of IL-4 + cells but also
significantt levels of IL-4 in the skin, we wondered whether these infiltrating CD15 + CD11b +
cellss could affect the Th1/Th2 balance in irradiated skin, because IL-4 is a strong Th2polarizingg cytokine. Earlier studies indicated that the determination of the Th1/Th2 status
inin situ was not possible, but that primary dermal cell cultures are suitable to monitor the
Th11 /Th2 status of dermal T cells. This approach enabled us to demonstrate that dermal T
cellss from in vivo irradiated skin are skewed towards Th2, as compared to control skin 17 . In
cytospinn preparations of fresh dermal cell suspensions derived from UVB-exposed skin w e
weree able to detect the presence of IL-4 + CD15 + cells (Figure 5C), indicating that this
suspensionn can be useful to study the role of the C D ! 5 + cells inTh1/Th2 development. The
presencee of a typical multi-lobed nucleus in these cells again indicates that the IL-4 + cells
aree neutrophils (Figures 5C and 5D). Fresh dermal cell suspensions from non-irradiated
controll skin did not contain CD1 5 + cells (data not shown).
Too test whether the CD15 + cells may affect the development of Th1/Th2 responses of
dermall T cells, we compared the Th1ATh2 status in non-separated and in C D ! 5-depleted
primaryy dermal cell cultures, both originating from the same batch of dermal cells derived
fromm UVB-exposed skin. The dermal cell suspension from irradiated skin contained 2.7 %
0.9 % CD15 + cells (Figure 6A). Depletion of these cells with magnetic C D ! 5 MicroBeads
wass very efficient because no CD15 + cells could be detected in the dermal suspension
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Figuree 6. Depletion of CD! 5 + cells from
dermall cell suspensions. A single cell
suspensionn was prepared from the dermis
off irradiated normal human skin 2 day
afterr UVB exposure. The dermal cell
suspensionn contained a small population
off CD15+ neutrophils, as indicated by a
rectanglee (a).
Thiss population of neutrophils was
successfullyy removed by the application
off CD15-coupled magnetic beads (b).

bb

aa
10 44
0

44

i

12.9 92.2 2

3

10 0j j

74.5 510.4 4

2

'53 3

1

rvj j

3

10 0--

59.3 3 1.3 3

:,3É É

-

.

.

10

ww

00

!!

10 0
101

10 2

FL1-Heightt

10 3

10 4

IFN-y (FITC)

59.5 521.1 1

10--

::

KK

1

10 0--

;;>,>:;:.,-., ,

i ^

11.2 2 8.2 2

10 J J

-2 -2jS'f*. .

'

: "31 1

oo :
10 0 ^

10 4 4

ïï

10 0-••

10 0:

38.6 60.8 8

2

££ 10 ; ;
cc c

10 0

10' '
10L L

'w' 'w'

10 uu

10 z

10'

FLl-Heightt

10 J

10 4

IFN-y (FITC)

m

\\ $Èss
10

•- : • ' '

101

10 2

FLl-Heightt

10 3

-a -a

10 4

IFN-y (FITC)

-fc. .

89 9

+

Figuree 7. Removal of CD15 cells from dermal cell suspensions derived of UVB-exposed skin abolished shift
too type 2 T cell responses. Single cell suspensions were prepared from dermal tissue by means of enzymatic
digestion.. Dermal T cells present in these primary cultures were propagated by the presence of polyclonal
stimuluss PHA and growth factor IL-2 and maintained in culture for 2 or 3 weeks. After activation for 4 hrs with
PMAandd ionomycin in the presence of brefeldin A, T cells were stained for cell surface CD4 + and intracellular
IL-44 and IFN-y, according to standard protocols. The simultaneous expression of IL-4and IFN-y in electronically
gatedd CD4 + T cells is depicted in this figure. As compared to activated T cells in primary dermal cell cultures
fromm non-irradiated control skin (a), a much higher percentage of IL-4, but lower expression of IFN-y was
detectedd in T cell responses elicited in primary cultures derived from UVB-exposed skin (b). When CD15 +
cellss were depleted from this primary culture, this shift to a more type 2-cytokine profile was abolished (c).
Thee results are representative of three separate experiments using 3 different volunteers.
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Table e Depletion noff CD15 cells in culturess from UVB-rradiatec cskin nreduces sTh2 2skewingg
control l

UVB B

A

DO O

UVBCD15 5depleted d

-a -a
oo
ra ra

voluntt :er
t r
SS 1
#2 2
#3 3

IFN-yy
1.4B B
16.1 1
10.4 4

IL-4
7.0 0
9.7 7
12.9 9

IFN-y
Ny

IL-4 4

IFN-y y

IL-4 4

5.2 2
8.4 4
1.3 3

30.5 5
57.3 3
38.6 6

3.9 9
24.1 1
21.1 1

6.1 1
11.4 4
11.2 2

AA

A single cell suspension was prepared of dermal tissue derived from non-irradiated skin (control) or from
UVB-exposedd skin, 2 day after irradiation. Part of the dermal cells from UVB-treated skin was incubated with
CD155 Microbeads to eliminate the CD15 + cells (UVBCD15 depleted), whereas the remainder part was mock
treatedd (UVB). Primary dermal cell cultures were maintained for 2 or 3 weeks allowing polyclonal expansion
off T cells. Intracellular IL-4 and IFN-y expression in the dermal T cells was determined according to the
protocoll developed by Becton Dickinson, see Methods for details. Results of 3 separate experiments using 3
differentt volunteers (#1 - #3) are summarized in this table.
BB
The data are expressed as percentage IFN-y or IL-4 cells of the electronically gated CD4 + T cells. The Th1
cellss (IFN-ypositiveand IL-4 negative) appear in the lower-right quadrant of the FL1-FL2 dot plot, as illustrated
inn Figure 7 depicting the results of volunteer #3. The Th2 cells (IL-4 positive and IFN-y negative) are in the
upper-leftt quadrant.

afterr this treatment (Figure 6B). The CD4 + T cells in the primary dermal cell cultures from
controll skin and from irradiated skin, either untouched or CD15-depleted, were analyzed
forr the intracellular expression of IL-4 and IFN-y by FACS. T cells in primary dermal cell
culturess from UVB-exposed skin showed a marked increased expression of IL-4, as compared

Q. .

too T cells from non-irradiated control skin (Figure 7 A and 7B; Table I), confirming our
earlierr observations. However, when the CD15+ cells were depleted prior to the onset of
thee primary dermal cell cultures this raised IL-4 expression was abolished (Figure 7c; Table
I),, indicating that the CD15+ cells participate in the Th2 skewing effect of UVB radiation.
Figuree 7c shows that the percentage of IL-4/ IFN-y double positive T cells was increased in
thee CD15-depleted dermal cell culture. However, in cultures of the other two volunteers
noo increase of these double positive cells was found.

Discussion n
Itt is well known that UVB radiation causes considerable changes in the cell distribution
andd local cytokine levels in skin. In this study we showed that a single exposure to UVB
inducedd a temporary influx of numerous IL-4+ cells in normal human skin. These cells,
havingg a scattered distribution, appeared in the dermis already within few h after irradiation
(peakk at day 1) and subsequently in the epidermis (from day 1, reaching a plateau at days
22 and 3). Double-staining experiments ruled out that the IL-4 expression was induced in
residentt cutaneous cells, such as T cells, mast cells or natural killer cells, all known to
possesss the capacity to synthesize IL-419. For several reasons we believe that the UVBinducedd IL-4+ cells are neutrophils: 1) Neutrophils are able to produce IL-420. 2)Jhe IL-4+
eell Is co-express CD11 b and CD15, but not CD36. 3) They have a multi-lobed nucleus. 4)
IL-44 expression is associated with the neutrophil marker elastase, as indicated by serial
sectionn staining and distribution pattern. 5) Neutrophils are well known to infiltrate human
andd murine skin after exposure to an erythemogenic dose of UVB or UVA8'9-21'22. 6JThe
timee course of infiltration of the IL-4+ cells matches perfectly the infiltration kinetics of
polymorphonuclearr leukocytes upon UV irradiation, as reported by others8'923. Although
macrophagess also express CD11b and infiltrate UVB-irradiated skin, they are improbable
candidatess for the IL-4+ cells because of the presence of CD36 and the absence of CD15.
Inn connection to this, it was recently shown that the majority of the CD11 b+ cells, which
infiltratee UVB-exposed skin, lack the macrophage marker CD6824. Basophils and eosinophils
alsoo have a multi-lobed nucleus and express CD11 b and CD15, but they are not known to
infiltratee UVB-exposed normal human skin25, and by means of specific mAbs we
demonstratedd that these two cell types are absent in irradiated skin. It has been reported
thatt UVB radiation can cause a considerable decrease in the expression of CD11b on
neutrophilss isolated from peripheral blood26. Nevertheless, this marker is clearly detectable
onn infiltrating neutrophils in UVB-treated skin as demonstrated by immunohistochemistry.
AA low but significant level of IL-4 was detected in blister fluid obtained from irradiated skin.

Itt is tempting to assume that this UVB-induced IL-4 is derived from the numerous IL-4+ cells
appearingg in irradiated skin. Attempts to purify the infiltrating CD! 5+ cells and to demonstrate
IL-44 production in these cells in vitro failed unfortunately, because of limited dermal cell
numbers.. We can not exclude the possibility that IL-4 in the blister fluid originated from
otherr cutaneous cells, for instance from mast cells, which are known to degranulate upon
UVBB irradiation27. Irrespective which cell type is the actual source of the UVB-induced IL-4,
ourr results clearly indicate that IL-4 can be added to the list of cytokines, induced or upregulatedd by UVB and giving rise to a substantially altered cytokine micromilieu in irradiated
skin.. In addition to IL-4, we demonstrated an induction or increase in the levels of proinflammatoryy molecules TNF-a, IL-6, and IL-8 in the suction-blister fluid of UVB-exposed skin.
Thee concentrations and time course of these cytokines are in line with previous studies2829.
Thee high concentration of IL-8, a strong chemoattractant of neutrophils, correlates with the
recruitmentt of high numbers of these cells in irradiated skin.
Duee to its pleiotropic property, IL-4 can concomitantly affect many different cell types in
thee irradiated skin site. Amongst others, IL-4 can down-regulate UVB-induced E-selectin
expressionn on endothelial cells, limiting the influx of inflammatory cells30-31. The phagocytic
activityy of infiltrated neutrophils and macrophages is enhanced by IL-432-33, facilitating the
removall of UVB-induced damage. IL-4 can delay apoptosis and stimulate cytokine
productionn in neutrophils3435. Repopulation of the epidermis by LC may be delayed by IL-4,
becausee this cytokine can inhibit the migration of these cells through the down-regulation
off TNF-a receptor II expression36. UVB radiation can induce serum IL-4 (in an unknown
source)) in a dose-dependent fashion in mice and this IL-4 seems to be responsible for the
subsequentt induction of serum IL-1037, a cytokine with immunosuppressive properties.
Injectionn of blocking anti-IL-4 can abolish UVB-induced immunosuppression38 indicating
thatt IL-4 plays an important role in the development of this immunosuppression. In addition,
inn IL-4 gene knockout mice the delayed-type hypersensitivity response is not suppressed
byy UVB exposure39. Because IL-4 is a strong Th2-polarizing cytokine40, the presence of IL44 in UVB-exposed skin may favor the development of type 2 T-cell responses in this tissue,
whilee type 1 T-cell responses are concomitantly inhibited. In this view our results, together
withh the findings of many others38-4147, support the hypothesis that UVB radiation activates
aa cytokine cascade and disrupts the function of antigen-presenting cells, causing the selective
inhibitionn of type 1 T cells while allowing type 2 T cell activation to proceed. All these
processess together contribute to an immunosuppressive state of the irradiated skin.
Inn connection to immunosuppression in UVB-exposed skin, much attention has been paid
too the function of infiltrating macrophages, which can activate CD4+ autologous suppressor

TT cells48. The T cells responding to these macrophages have a typical IL-2Ra negative
phenotypee and the proliferation of these T cells appears to be dependent on IL-4 but not on
IL-2,, as measured by in vitro assays4951. Further, in comparison to control epidermal cell
suspensionss (containing LC), epidermal cells from UVB-irradiated skin (containing
macrophages)) stimulate higher numbers of allogeneic peripheral blood CD4+ T cells to produce
IL-4,, as measured in primary and secondary cultures by an ELISA spot assay52. In line with
thiss reported Th2 shift, we demonstrated by means of intracellular FACS analysis a much
higherr IL-4 production in responding autologous CD4+ T cells in primary dermal cell cultures
derivedd from UVB-irradiated skin than in the T cell population from control skin. Depletion
off the CD! 5+ neutrophils from the in wVo-irradiated dermal cell suspension before the onset
off the primary culture abrogated this Th2 shift. This indicates that infiltrating neutrophils,
thoughh no antigen-presenting cells themselves, can augment somehow the IL-4 production
off the responding T cells, which are activated by antigen-presenting cells present in UVBexposedd skin. Future studies are necessary to clarify whether neutrophil-derived IL-4 may
playy a role in this modified T cell response or to explore the possibility that the infiltrating
neutrophilss affect the T cell cytokine production via another mechanism.
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Abstract t
Uponn a single high dose of UVB irradiation of psoriatic lesiona! skin, IFN-y expression is
decreased,, whereas, IL-4 expression is enhanced. A similar type 1 to type 2 shift was
foundd in dermal T cells derived from irradiated lesional skin as compared to unexposed
lesionall psoriatic skin. We found recently that the IL-4 protein detected in situ upon UVB
exposuree of normal skin was not associated with T cells, but with infiltrating neutrophils.
Too determine which cell types express IL-4 in psoriatic skin after UVB irradiation. Skin
biopsiess were obtained from healthy controls and psoriasis patients before and after local
UVBB exposure. Double immunohistochemical stainings were performed to determine the
identityy of IL-4 expressing cells. In the irradiated skin of both healthy controls and patients,
IL-44 positive cells co-expressed elastase and CD15, but not CD3. IL-4 expressing cells
foundd in psoriatic skin after a single high dose UVB exposure appeared to be neutrophils.

Introduction n
Ultraviolett B (UVB)-radiation is a widely used therapy for psoriasis for more than three
decades.. It has been shown that UVB-induced apoptosis of T cells could be an important
mechanismm in the healing of psoriatic skin lesions after this therapy1. However, a
considerablee number of T cells in the dermis still survive after UVB exposure1-2. Because T
cellss are involved in the pathogenesis of psoriasis3, it is important to determine the properties
off these remaining T cells.
Inn an earlier study, we demonstrated that an influx of CD4+ memory T cells into normal
humann skin takes place after a single high dose UVB exposure4. The T cell population
presentt in UVB-irradiated skin expresses neither activation markers HLA-DR and CD25,
norr cytokines IFN-y and IL-4. In order to elucidate their type 1/type 2 nature, these recruited
TT cells were stimulated in vitro and found to exhibit reduced expression of IFN- and increased
expressionn of interleukin-4 (IL-4), as compared to dermal T cells from unirradiated skin 5.
Thiss switch from type 1 to type 2 cytokine expression may, at least partially, contribute to
thee UVB-induced immunosuppression57. Neutrophils also invade the skin after UVB
exposure,, but at a much earlier time point than T cells2'7-8. We showed that these infiltrating
neutrophilss express IL-4. When these neutrophils were depleted from primary dermal cell
suspensionss derived from UVB exposed skin, the type 1 to type 2 shift in T cells was
abolished7.. These results suggest that the neutrophils are functionally involved in the type
22 cytokine skewing in UVB-exposed skin.
Inn another study2, we observed that a single high dose of UVB exposure of psoriatic plaques
resultss in an increased expression of IL-4 in situ. In the same study, we also found that the
dermall T cells isolated from the UVB-exposed lesional skin expressed increased IL-4 and
decreasedd IFN-y upon UVB exposure as compared to unexposed skin showing that the
typee 1/ type 2 skewing upon UVB radiation holds true in psoriatic skin as w e l l 2 . In the
presentt study, we wanted to investigate which cell type in psoriasis lesion does express IL44 upon a single high dose UVB exposure as in normal skin: The two probable candidates
wouldd be either the T cell, which was found to exhibit upregulated IL-4 expression in vitro,
orr the neutrophil, which was demonstrated to express IL-4 while infiltrating UVB irradiated
normall human skin. With this aim we performed immunohistochemical double stainings.

Methods s
Threee untreated psoriasis patients with chronic plaque type psoriasis (1 female, 2 male; 47
-- 52 years old, mean 49) and 3 healthy controls (2 female, 1 male; 20 - 23 years old, mean
22)) were included in this study. Study protocol was approved by the local ethical committee.
Locall UVB irradiation was applied with a 1000 W xenon arc lamp (Oriel, Stratford, CT)
equippedd with a 303 nm interference filter (Jenaer Glaswerke, Schott & General, Germany).
Afterr determination of the individual minimal erythema dose (MED), 4 MED of UVB was
introducedd locally to the gluteal area of healthy controls and chronic plaque lesions on the
samee area of psoriasis patients. At 48 h followingg irradiation, 4 mm punch biopsies were
takenn from unirradiated and irradiated areas and the biopsies were immediately frozen in
liquidd nitrogen. The details of the immunohistochemical double staining procedure was
reportedd elsewhere 7. Primary antibodies used for the stainings of 5 m sections in the
presentt study were anti-IL-4 (Immunex, Seattle, WA), FITC-labelled anti-CD3 to stain T
c e l l ss ( B D B i o s c i e n c e s , M o u n t a i n V i e w , CA), F I T C - l a b e l l e d C D 1 5 to d e t e c t
polymorphonuclearr cells (DAKO, Glostrup, Denmark) and peroxidase-labelled anti-elastase
too identify neutrophils (DAKO).

Results s
Thee recent availability of enzyme labeled anti-elastase antibody made it possible to obtain
directt proof that the strong IL-4 expression found in normal human skin upon irradiation
wass exhibited by elastase+ neutrophils (Figure 1A, 1B). This result confirms our earlier
circumstantiall evidence that IL-4 expression was associated with elastase+ cells, using
singlee staining of serial sections 7 . In contrast to unirradiated normal human skin, in which
IL-44 expression is absent, the expression of IL-4 was occasionally detected in some biopsies
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Figuree 1 . Double staining of normal human skin with IL-4 (blue) and elastase (red), a, before UVB irradiation
b,, 2 days after UVB irradiation Cu» page 191).
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Figuree 2 . D o u b l e staining of sections from unirradiated and irradiated psoriatic skin w i t h different markers
(arrowss indicate doubl e positive cells), a, unirradiated lesionalskin stained w i t h IL-4 (blue) and elastase (red),
b,, irradiated lesional skin stained w i t h IL-4 (blue) and elastase (red) c, irradiated lesional skin stained w i t h
CD33 (blue) and IL-4 (red), d, irradiated lesional skin stained w i t h C D 1 5 (blue) and IL-4 (red) (35» page 191).
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fromm the untreated psoriatic skin (Figure 2A). Similar to irradiated normal skin, but less
pronounced,, expression of IL-4 was induced or increased in psoriatic lesions upon UVB
exposuree (Figure 2B). Double staining with CD3 revealed around 1 % double positive
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cellss in the sections from irradiated skin indicating that the IL-4 expression was not confined
too T cells (Figure 2C). Almost all of the IL-4+ cells in unirradiated and irradiated psoriatic
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skinn co-expressed CD15 and elastase (Fig 2A, 2B, 2D). This results confirmed that the
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UVB-inducedd expression of IL-4 was confined to neutrophils.
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Byy means of double staining we demonstrated in this study that the IL-4+ cells which

cc

infiltratee the lesional psoriatic skin upon a single high dose of UVB exposure are neutrophils.
Thiss suggests that the induction of IL-4 expression in psoriatic skin after UVB irradiation
occurss in a similar way as was earlier found in normal skin 7. It is known that the UVB
irradiatedd skin is invaded by different inflammatory cells, e.g. neutrophils and macrophages
7S7S

.. The neutrophil-derived IL-4 together with macrophage-derived IL-10 may alter the

microenvironmentt in the irradiated skin in such a way that the development of type 2 T
celll responses will be favoured 5 ' 7 9 .
Ourr results showed that the T cells in psoriatic skin did not show IL-4 expression in situ
uponn UVB exposure. This result is seemingly in contradiction with the findings of our
earlierr studies which revealed increased IL-4 and decreased IFN-y expression upon in vitro
stimulationn of dermal T eel Is derived from irradiated psoriatic skin 2 . This could be explained
inn two ways: Firstly, we have shown in our earlier study that the T cells which were

in in
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recruitedd into the normal skin upon UVB exposure were not activated. The absence of IL44 expression on T eel Is in psoriatic skin after UVB exposure maybe due to lack of activation
off these T cells 5 . Secondly, it should be kept in mind that T cells do not have the ability to
storee cytokines once they produce them, thus, the absence of IL-4 in these cells does not
necessarilyy mean that they do not express this cytokine.
Psoriasiss vulgaris is widely accepted as a disease with a preferential expression of type 1
cytokiness (e.g. IFN-y) in lesions and peripheral blood 10. Therapeutic agents which cause
thee suppression or reversal of type 1 cytokine predominance were reported to be effective
inn treatment of psoriasis n*14. Related to this, it is an interesting finding that a single high
dosee of UVB exposure results in IL-4 expression in psoriatic skin. In addition to T cell
apoptosiss in psoriatic skin, type 2 cytokine switch in the surviving T cells could be another
mechanismm in the therapeutic effectiveness of UVB in psoriasis. However, one should
keepp in mind that our experimental set-up does not allow a direct comparison commonly
appliedd UVB therapy. In the treatment of psoriasis, UVB is used repetitively in low doses
whilee in our study we administered locally a single high dose of UVB to the lesions. We
currentlyy perform similar experiments in biopsies from psoriasis lesions before and after
therapeuticc use of UVB to investigate whether type 1/ type 2 cytokine switch occur after
UVBB therapy of psoriasis.
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Abstract t
Exposuree to an erythemal dose of ultraviolet B (UVB) is known to induce interleukin (IL)100 expression in human skin. It is generally believed that this IL-10 is predominantly
expressedd by CD11b+HLA-DR+ macrophages that infiltrate the UVB-exposed skin. This
cytokinee is supposed to contribute to the immunosuppressive effects of UVB by blocking
cell-mediatedd immune responses. We recently demonstrated that neutrophils, which also
invadee UVB-irradiated skin, express CD11b and HLA-DR as well. In addition, we showed
thatt the presence of these neutrophils affects T cell responses in primary T cell cultures
derivedd from UVB-exposed skin. Because neutrophils invade UVB-exposed skin and express
CD111 b and HLA-DR, like macrophages, we questioned whether neutrophils represent another
sourcee of IL-10. Skin biopsies were obtained from 4 healthy volunteers before and 2 days
afterr exposure to 4 minimal erythema doses of UVB. Cryostat sections from these biopsies
weree double-stained with IL-10 and markers CD11 b, HLA-DR, CD36 or neutrophil elastase.
Ass expected IL-10 could be detected in CDl1b + HLA-DR + CD36 + macrophages in the
epidermiss and dermis of UVB-exposed skin. Surprisingly, the majority of the abundant IL100 expression was found in CD1 lb+HLA-DR+elastase+neutrophils. Cytospin preparations
fromm dermal cell suspensions confirmed the IL-10 expression by neutrophils displaying
theirr characteristic multilobular nuclei. Neutrophils in UVB-exposed skin express IL-10
andd should be recognized as active co-players in the creation of a UVB-induced
immunosuppressivee microenvironment.

Introduction n
Althoughh ultraviolet B (UVB) can be harmful as inducer of skin tumours, advantage can be
takenn of this radiation under control led conditions as effective treatment of several immunemediatedd skin diseases. Many different research groups have studied the changes in cytokine
expressionn in human skin after UVB exposure to explain these features1. A delicate balance
off type 1 and type 2 immune responses provided by expression of type 1 [e.g. interferon
(IFN)) -y] and type 2 [e.g. interleukin (IL)-4] cytokines, respectively, exist in the steady state.
Thiss balance was found to be disturbed in the UVB-irradiated skin in favour of type 2
cytokinee expression, which could generate a defect in the defence against intracellular
microorganismss and tumour cells2. It is known that shortly after UVB exposure neutrophils,
macrophagess and T cells enter the skin, while Langerhans cells leave the skin3~6. All these
traffickingg cells are able to produce different cytokines \ A cytokine of major interest is IL10,, because it is induced in normal human skin upon UVB irradiation and is known as a
cytokinee with immunosuppressive effects by decreasing antigen presentation and Th1 cell
proliferationn 7. The major IL-10 producing cells were shown to be CD11b+ macrophages
thatt infiltrate the skin after UVB exposure8.
Inn a recent study, we found that a very large number of the CD11b+ cells infiltrating the
skinn early after UVB exposure are neutrophils 9. This result prompted us to determine
whetherr these CD11b + neutrophils, in addition to the CD11b + macrophages, could
contributee to the UVB-induced IL-10 expression in human skin.

Materialss and methods
Fourr healthy volunteers (3 females and 1 male) received a single local exposure of 4
minimall erythema doses of broad band-UVB from a 1000 W xenon-arc lamp {Oriel,
Stratford,, CT) equipped with a 303-nm interference filter. Two days post-irradiation, skin
biopsiess were taken and either snap frozen for immunohistochemical staining or processed
too get dermal cell suspensions as follows. Upon overnight 0.3 % dispase (Boehringer
Mannheim,, Mannheim, Germany)-treatment, the epidermis was removed and the dermis
wass incubated with collagenase (Boehringer Mannheim) and DNase (Boehringer Mannheim)
inn phosphate-buffered saline (PBS) for 2 h at 37

. Cytospin preparations were prepared

fromm single dermal cells suspended in PBS with 2 % fetal calf serum. Antibodies used were
anti-IL-100 (R&D Systems, Minneapolis, MN), FITC-conjugated anti-CD36 (Beekman Coulter,
Fullerton,, CA), peroxidase-conjugated anti-elastase (Dako, Clostrup, Denmark), FITCconjugatedd anti-HLA-DR (Becton Dickinson, San Jose, CA) and FITC-conjugated anti-CD11 b

(Beekmann Coulter). Immunohistochemical staining was performed as described before 9.
Shortly,, acetone-fixed 4 mm sections or cytospin preparations were sequentially incubated
withh 10 % normal goat serum (Dako), anti-IL-10, goat anti-mouse (Dako) and APAAP
complexx (Dako) for 1 h at room temperature. For double staining, the preparations were
furtherr incubated sequentially with 10 % normal mouse serum, FITC-conjugated primary
antibody,, rabbit anti-FITC (Dako) and peroxidase-conjugated goat anti-rabbit (Dako). Colour
developmentt was achieved with naphtol-AS-MX-phosphate(Sigma-Aldrich, St. Louis, MO)
forr blue, 3-amino-9-ethyl carbazole (Sigma-Aldrich) or fast red substrate system (Dako) for
red.. Nuclear staining was performed with haematoxylin. Cell numbers were counted
horizontallyy in the whole length of each section, including epidermis and 1 mm of upper
dermiss and were corrected to numbers per mm section- length.

Results s
IL-100 was abundantly expressed in UVB-exposed human skin, but not in irradiated skin,
bothh in the dermal cellular infiltrate and in the epidermis (Figure 1). Double staining revealed
thatt 95

1 % of the epidermal and dermal IL-10 positive cells co-expressed CD11 b (Figure

22 A). Using CD36 as marker for activated macrophages, we found that 33

12 % of the IL-

100 expressing cells were CD36 positive macrophages especially in the upper dermis (Figure
2B).. However, because CD11 b is also expressed by neutrophils, we performed a double
stainingg with IL-10 and neutrophil elastase and observed that 73

11 % of the IL-10

expressingg cells showed reactivity with elastase antibody. These cells were abundant in
epidermiss and at the vicinity of the dermoepidermal junction (Figure 2C). Earlier studies
onn UVB-irradiated skin revealed that IL-10 expressing cells were positive for HLA-DR
showingg that these cells were able to present antigen 10. Supporting this finding, we observed
thatt approximately 56 + 4 % of the IL-10 expressing cells in the irradiated skin were HLADRR positive as well (Figure 2D). Sixty one

9 % of these HLA-DR positive cells was

doublee stained with CD36 showing that most of these cells were macrophages (Figure 2E).
Interestingly,, double staining with HLA-DR and elastase showed that 39

6 % of the HLA-

++

DR cells were neutrophils (Figure 2F). To be sure that CD36 and elastase were not expressed
byy the very same cell type, we performed a double staining with CD36 and elastase and
provedd that these markers were mutually exclusive (Figure 2G). In cytospin preparations of
dermall cells derived from UVB-irradiated skin, we noticed clear IL-10 positive cells with
typicall multilobular nuclei that are characteristic for neutrophils (Figure 2H).
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Figuree 1 . Expression of IL-10 (fast blue staining) in unirradiated normal skin (left) and 1 day after 4 MED UVB
irradiationn (right), original magnification x 100. No IL-10 positive cells were detected in normal skin. After UVB
exposure,, a scattered pattern of IL-10 expression was present in the dermis and epidermis ( ; j ^ page 191).
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Figuree 2. a-g, Double staining of UVB-exposed skin, a-d, Expression of IL-10 (blue) was detected in cells
(arrows)) displaying the markers (red) a, CD11 b; b, CD36; c, neutrophil elastase; d, HLA-DR. HLA-DR (blue)
positivee cells co-expressed e, CD36andf, neutrophil elastase in red (arrows), g, Expression of CD36 (blue) or
neutrophill elastase (red) was mutually exclusive, h, neutrophils (arrow heads) in dermal cell suspensions
fromm UVB-irradiated skin expressed IL-10 (red). Nuclear staining was performed with haematoxylin. Original
magnificationss were a-f x 400, g x 200, and h, x 1000 ( J J » page 192).

Discussion n
Thee suppression of cell-mediated immunity caused by UVB exposure is found to be, at
leastt partially, related to an increase in the IL-10 expression. IL-10 downregulates IFN-y
expressionn and antigen presentation, thereby having a great negative impact on the
conductionn of cell-mediated immune surveillance as well as on the delayed type
hypersensitivity.. This prominent role of IL-10 is clearly demonstrated in UVB-irradiated

mice,, in which IL-10-blocking resulted in the abolishment of UVB-induced suppression of
delayedd type hypersensitivity11. As concerns IL-10 expression in UVB-irradiated skin, human
keratinocytess were reported to express this cytokine after UVB exposure 12. However, our
findingg that keratinocytes in situ did not show IL-10 staining contradicts this and confirms
ourr earlier observation that IL-10 mRNA and protein is not expressed in human keratinocytes
beforee and after UVB exposure 13. CD11b+HLA-DR+ macrophages invading the skin after
UVBB exposure were described as the most potent source of IL-10 8J0. In the current study
wee clearly showed that neutrophils, which have similar features as these macrophages (i.e.
UVB-inducedd infiltration and expression of both CD11 b and HLA-DR), appeared to be the
majorr cell type with abundant IL-10 expression in irradiated skin. Neutrophils migrating
intoo the UVB-exposed normal and psoriatic skin can also express IL-4 914. In addition, in
vitroo studies indicate that neutrophils in dermal cell suspensions derived from UVB-exposed
skinn are able to favour type 2 T cell responses and concomitantly inhibit type 1 T cell
responsess 9. All together, these results suggest that neutrophils can contribute to the
immunosuppressivee changes in UVB-exposed skin by expression of IL-4 and IL-10.
Immunosuppressionn after UVB exposure probably requires a cooperative action of resident
andd invading cells, which create a microenvironment where exaggerated immune responses
causingg excessive tissue damage are avoided.
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Abstract t
Keratinocytess are able to contribute to cutaneous immune responses by expression of
cytokines.. The heterodimer IL-23 is a newly defined IFN-y-inducing cytokine, composed
off a unique p19 subunit and a p40 subunit shared with IL-12. The IL-12/IL-23 p40 subunit
iss known to be expressed by keratinocytes. We investigated whether keratinocytes can
expresss the IL-23 p19 subunit as well and are able to form the heterodimer IL-23, using
skinn biopsies from normal individuals and psoriatic patients. Cultured keratinocytes from
normall and lesional psoriatic skin were found to express constitutively mRNA for both
subunitss of IL-23. In cell lysates and supernatants from stimulated keratinocytes the
heterodimerr IL-23 protein could be detected by immunoblotting and ELISA. Cytospin
preparationss of freshly isolated keratinocytes showed abundant expression of p19 and p40
subunitss of IL-23, whereas IL-12 p70 was present in only few cells. Immunostainingof skin
sectionss showed the expression of both subunits of IL-23 in the epidermis and dermis,
beingg significantly higher in psoriatic lesional skin as compared to normal and psoriatic
nonlesionall skin. All these findings together prove that keratinocytes are capable of
producingg the p19 subunit and to form the heterodimer of IL-23. Double staining of cytospin
preparationss of epidermal and dermal cell suspensions revealed that IL-23 pi 9 subunit is
alsoo expressed by epidermal Langerhans cells, dermal dendritic cells and macrophages.
Psoriasiss is a chronic inflammatory skin disease mediated by IFN-y expressing type 1 memory
TT cells. As IL-23 is important to activate memory T cells to produce IFN-y, its augmented
expressionn by keratinocytes and dermal antigen presenting cells may contribute to the
chronicc inflammation present in psoriatic skin.

Introduction n
Thee skin is the main organ connecting the body to the potentially harmful environment. To
achievee homeostasis and to defend the body against microbial invaders, it does not only
servee as a physical barrier, but is also equipped with numerous immunological functions
collectivelyy called the skin immune system1. In addition to the well-known immunocompetentt cells, which traffic into and out of the skin (e.g. dendritic cells and T cells),
keratinocytess as the main constituent of the epidermis also have an important contribution
too the development of optimal cutaneous immune responses. Keratinocytes can,
constitutivelyy or after stimulation, produce many cytokines as reviewed elsewhere2. Physical,
chemicall and pathogenic triggers induce keratinocytes to secrete proinflammatory cytokines,
suchh as IL-1p and TNF-a, resulting in autoactivation of these cells to produce other
inflammatoryy cytokines and chemokines. The proinflammatory cytokines may also activate
otherr cells in the skin, such as dendritic cells, which start to mature and migrate to lymph
nodess inducing a specific immune response3.
Expressionn of type 1 cytokines is crucial in the defense agajnst intracellular microorganisms
andd in the development of delayed type hypersensitivity reactions. The main representative
off type 1 cytokines is IFN-y, which is produced by type 1 T cells. The expression of IFN-y is
strictlyy regulated by other soluble factors4. 1L-12 was the first described inducer of IFN-y
expression5.. In less than a decade, several other cytokines were found to contribute to this
regulationn as well, namely IL-15, IL-18, IL-21, IL-23, and IL-27, which act separately or in
combinationn to induce type 1 cytokine responses4-6. In this group of IFN-y-inducing cytokines,
IL-233 and IL-27 exhibit structural and functional similarities to IL-12. However, they differ
att the timing of their contribution to the type 1 responses. IL-27 is known to be important
inn the early expansion of naïve T cells and IFN-y expression by these cells, while IL-23 can
onlyy act on memory T cells to induce IFN-y expression, suggesting that IL-23 might be
importantt in the maintenance of immune responses4. The heterodimer IL-23 is formed by
thee combination of a pi 9 and a p40 subunit and possesses the most structural similarity to
IL-122 as compared to the other IFN-y-inducers. The p40 subunit of IL-23 is identical to the
IL-122 p40 subunit, whereas the unique IL-23 p19 molecule has resemblance to the specific
IL-122 p35 subunit. In addition to their structural similarity, IL-12 and IL-23 conduct their
actionss through specific receptors that share a common 1L-12P1 chain7. The two subunits
off the heterodimer IL-12 can be produced by different cell types, including human
keratinocytes,, allowing these cells to favor type 1 T cell responses8. However, it is as yet
nott known whether keratinocytes can express the IL-23 p19 subunit as well.

Itt has been suggested that the expression of IL-12 might play an important role in certain
inflammatoryy skin diseases9-10. One of those, psoriasis vulgaris, is a chronic inflammatory,
typee 1 cytokine-related, cutaneous disease, which is characterized by infiltrates of activated
memoryy T cells that have a high IFN-y expression11. An enhanced expression of IL-12
mRNAA and protein was found in psoriatic lesional skin, as compared to nonlesional and
normall skin, and a causative relationship to the high IFN-y expression in lesional skin was
suggested12.. It has been demonstrated that memory T cells proliferate when they are
stimulatedd with IL-23, but not with IL-127. Indeed, part of the T cell population within
psoriaticc lesional skin was found to proliferate13. Having in mind that IL-23 preferentially
activatess memory T eel Is and the fact that activated memory T cells are abundantly present
inn psoriasis lesions, we consider that IL-23 rather than IL-12 would play a major role in the
sustainedd inflammatory reaction taking place in the psoriasis plaques. This consideration
promptedd us to investigate the expression of IL-23 p19 in normal and lesional psoriatic
skin.. Special attention was paid to keratinocytes, because mutual interaction and activation
off keratinocytes and T cells is thought to be responsible for the perpetuation of the
inflammatoryy process in the psoriatic lesions14.
Inn this study, we show that normal human keratinocytes constitutively express mRNA for the
twoo subunits of IL-23 and demonstrate that these cells are able to express IL-23 heterodimer.
Specificc staining for IL-23 in cryostat sections confirmed the expression of this cytokine by
keratinocytess in situ and furthermore, IL-23 expression appeared to be significantly stronger
inn psoriatic skin as compared to normal skin. Double staining experiments indicated that
Langerhanss cells, dermal dendritic cells and macrophages expressed IL-23 as well.

Materialss and Methods
Skinn biopsies and isolation of keratinocytes. Skin biopsies (5 mm) were obtained
fromm patients with chronic plaque-type psoriasis (16 lesional and 10 nonlesional biopsies)
andd from the residual skin of normal individuals (n = 13) who were operated for abdominal
orr breast reduction. The study was approved by the Medical Ethical Committee of the
Academicc Medical Center in Amsterdam. These biopsies were either snap frozen for in
situu stainings or prepared for in vitro experiments under sterile conditions. The frozen
biopsiess were cut into 5 mm sections and saved at -80 C until use. The biopsies to be used
forr cell isolation were incubated overnight at 4 C in 0.3 % dispase {Boehringer Mannheim,
Mannheim,, Germany) in PBS with 50 mg/ml gentamycin (Duchefa BV, Haarlem, The
Netherlands).. Next day, the dermis was removed and the epidermis was trypsinized (0.25 %
trypsin;; Life Technologies, Paisley, UK) for 5 min at 37

. After stopping the reaction by

addingg an equal volume of fetal calf serum (HyClone, Logan, UT), the cells were filtered
throughh a cell strainer, washed in Keratinocyte serum free medium (KGM; Gibco, Paisley,
UK)) and plated into Petri dishes (100 mm) to generate keratinocyte cultures or used to
makee cytospin preparations. The dermal cell suspension was prepared by means of
collagenasee digestion as described before15.
Stimulationn of cells. For Western blot analysis, normal human keratinocytes were cultured
inn one 100 mm Petri dish and when reaching 80-90 % confluency they were stimulated
withh 20 mg/ml synthetic dsRNA poly l:C (Sigma-Aldrich, St. Louise, MO) plus 20 U/ml
IFN-yy {Roche Diagnostics, Mannheim, Germany) in 5 ml KGM with 50 mg/ml gentamycin.
Forr the determination of the IL-23 heterodimer by ELISA, immature monocyte-derived
dendriticc cells (MoDCs; generated as described elsewhere16 were stimulated at 5x104
cells/welll in a flat-bottomed 96-wells plate {final volume 200 ml) with either 10 mg/ml
peptidoglycann (PGN; Sigma-Aldrich), or 10 mg/ml poly l:C, or an equal number of CD40Ltransfectedd J558 plasmacytoma cells (J558-CD40L, a gift of Dr. P. Lane, Birmingham, UK),
orr 10 ng/ml IL-1 p (PBH, Hannover, Germany), or 103 U/ml IFN-y, or different combinations
off these stimuli for 24 h. Supernatants and cell lysates of keratinocytes were obtained from
subconfluentt cultures maintained in Petri dishes and stimulated overnight with a cocktail
off aforementioned stimuli in order to achieve a maximal response.
PCRR analysis. Total RNA was purified from cultured unstimulated keratinocytes by using
thee Nucleospin RNA II kit (Macherey-Nagel, Duren, Germany) following the manufacturer's
instructions.. First strand cDNA was generated with help of a synthesis kit for RT-PCR (MBI
Fermentas,, St Leon-Rot,Germany), using 9 ml of total RNA, 1 ml oligo(dT)18 and 1 ml D(N)
andd heating the mix at 94 C for 5 minutes. The primers used were: IL-23 pi 9: forward, 5'TCGG GCA CGA GAA CAA CTG AG-3'; reverse, 5'-TGG GGA ACA TCA TTT GTA GTC T-3'
definingg a 353-bp product; IL-12 p35: forward, 5'-AAG AGA CCA GAG TCC CGG G-3';
reverse,, GGA GCA TGT TGC TGA CGG C-3' defining a 311 -bp product; IL-12 / IL-23 p40:
forward,, 5'-ATT GAG GTC ATG GTG GAT GC-3'; reverse, 5'-AAT GCT GGC ATT TTT
GCGG CC-3' defining a 297-bp product; b2 microglobulin: forward, 5'-AAG ATT CAG GTT
TACC TCA CGT C-3'; reverse, 5'-TGA TGC TGC TTA CAT GTC TCG-3'. The PCR protocol
wass as follows: first a 3 min incubation at 94

, followed by 45 cycles of sequential incubations

att 94 C for 30 sec, 60 C for 30 sec, and 72 C for 1 min. Analysis of the PCR products was
donee on a 1 % agarose gel containing ethidium bromide. A 100-bp DNA ladder standard
(MBII Fermentas) was used as a size marker.

Westernn blot analysis. The supernatant from stimulated keratinocytes was concentrated
20-foldd by means of centrifugation (Millipore, Billerica, MA) whereas adherent keratinocytes
(-2x106)) were washed once with PBS before the cells were lysed in 150 ml PBS by freeze/
thawing.. After protein concentration measurement, 50 mg protein of the supernatant and
celll lysate was loaded onto a 12% poly-acrylamidegel (Bio-Rad Laboratories, Veenendaal,
Thee Netherlands) and separated by electropheresis under reducing conditions. Next the
separatedd proteins were transferred onto a nitrocellulose membrane (Schleicher&Schuell
Bioscience,, Dassel, Germany). Recombinant human IL-23 (R&D Systems, Abingdon, UK)
wass used as a positive control and recombinant prestained proteins of known molecular
weightt (Bio-Rad Laboratories) were included to enable the estimation of the molecular
masss of our specific IL-23 signal. Before incubating the nitrocellulose membrane with
polyclonall rabbit anti-human IL-23 pi 9 (a kind gift of Dr. J. Pirhonen, National Public
Healthh Institute, Helsinki, Finland) for 18 h at 4

, the membrane was blocked with PBS

containing0.05%Tweenn 20 and 5% non-fat dried milk. After incubation with peroxidaseconjugatedd goat anti-rabbit Ig (Dako, Clostrup, Denmark) for 1 h at room temperature,
specificc protein bands in the filter were visualized by the ECL Plus Western Blotting Detection
Systemm (Amersham Biosciences, Roosendaal, The Netherlands) and detected by a
fluorescencee imager (Typhoon 9400; Amersham Biosciences).
Determinationn of IL-23 heterodimer by ELISA. The amount of IL-23 protein in the
supernatantss from keratinocytes and MoDCs and in keratinocytes cultures was determined
byy a solid-phase sandwich ELISA, using polyclonal goat anti-human IL-23 p19 (R&D Systems)
ass the coating antibody and biotin-conjugated monoclonal mouse anti-human IL-12/IL-23
p400 (BD Pharmingen, San Jose, CA) as the detecting antibody. Hence, this ELISA detects
onlyy the heterodimer form of IL-23, but not the separate subunits. Specificity of the ELISA
wass tested by using recombinant human IL-23 heterodimer (R&D Systems), IL-12
heterodimerr (Strathman Biotech, Hannover, Germany), and IL-12 / IL-23 p40 subunit
(Biosource,, Camarillo, CA). Only the recombinant IL-23 heterodimer, but neither the IL122 heterodimer nor the common p40 subunit, was detectable by this ELISA (data not
shown),, having a detection limit of 400 pg/ml.
Immunohistochemicall staining. Immunohistochemical staining was performed to
determinee the expressions of the p19 subunit of IL-23, the common p40 subunit of both IL233 and IL-12, and the p70 heterodimer of IL-12 in 5 mm skin sections, cultured keratinocytes

onn object glass and cytospin preparations from epidermal and dermal cell suspensions.
Primaryy antibodies were polyclonal rabbit anti-human IL-23 p19 (a kind gift of Dr. J.
Pirhonen),, biotin-conjugated monoclonal mouse anti-human IL-12/IL-23 p40 (BD
Pharmingen)) and monoclonal mouse anti-human IL-12 p70 (R&D Systems). After fixation
withh acetone at 4 C for 10 min, sections were incubated sequentially with 10 % normal
goatt serum (Dako) at room temperature for 15 min, primary antibody at room temperature
forr 1 h or overnight at 4

, biotin-conjugated goat anti-mouse (Dako) at room temperature

forr 30 min and avidine peroxidase (Dako) at room temperature for 30 min (Dako). In case
off p19 staining, biotin-conjugated goat anti-rabbit (Dako) was used as the second step.
Afterr each incubation step, except for the incubation with normal goat serum, the sections
weree washed 3 times with Tris-buffered saline. Peroxidase activity was detected as red
colorr using the chromogen 3-amino-9-ethylcarbazole (AEC; Sigma-Aldrich). Hematoxilin
wass used to perform nuclear staining. Mouse anti-human lgG1 (Dako) was used as isotype
controll for both p40 and p70 antibodies and polyclonal rabbit anti-human factor XII la
antibodyy (detecting dermal dendritic cells; Biogenex, San Ramon, CA) was used as a control
forr the p19 staining. In addition, a recently available polyclonal goat anti-human IL-23
p199 (R&D Systems) was used to stain the same skin sections to evaluate whether it shows
thee same staining pattern as polyclonal rabbit anti-human IL-23 p19.
Inn situ expression of the IL-23 p19 subunit was assessed blindly in three sections per biopsy,
scoringg separately suprabasal epidermis, basal epidermis, papillary dermis and superficial
dermiss as indicated below: 0, no staining; 1, very weak staining and/or occasional single
orr few cells (1 -5 cells/ section); 2, weak staining and /or scattered cells and small groups of
cellss (5-30 cells/ section); 3, moderate staining and/or relatively big groups of cells (301000 eel Is/section); 4, strong staining and/or many cells in big groups (100-400 cells/ section);
5,, very strong staining and/or very large groups of cells (> 400 cells/ section). Epidermal
expressionn was defined as the sum of basal and suprabasal scores; while dermal expression
wass the sum of papillary and superficial dermal scores.
Too identify the cells expressing IL-23 p19, dermal and epidermal cell cytospin preparations
weree double-stained with p19 and one of the following cell markers: CD1a (Langerhans
cells;; BD Pharmingen), HMB45 (melanocytes; Dako), CD1c (dendritic cells; BD
Pharmingen),, CD3 (T cells; BD Pharmingen), CD83 (mature dendritic eel Is; BD Pharmingen),
CD366 (macrophages; Beekman Coulter, Fullerton, CA), HLA-DR (antigen presenting cells;
BDD Pharmingen) and CD15 (polymorphonuclear leukocytes; Dako). After performing the
IL-233 p19 staining as described above, the sections were sequentially incubated with the

secondd primary antibody, goat anti-mouse (Dako) and alkaline phosphatase-anti-alkaline
phosphatasee complex (Dako). The color development was achieved by using naphtol-ASMX-phosphatee (Sigma) for blue and AEC for red.
Statisticall analysis. The scoring of the in situ expression of IL-23 p19 was expressed as
meann values

SD. Data were analyzed for the statistical significance either with independent

sampless t test to compare the expression in normal skin versus lesional and nonlesional
psoriaticc skin or with paired sample t test to compare the expression in nonlesional versus
1 2 00

lesional nsoriatic skin. P < 0.05 was considered as the level of significance.
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Results s
Constitutivee expression of IL-23 p19 mRNA by human
keratinocytes.. To investigate whether human keratinocytes
aree able to express the heterodimer IL-23, we extracted total
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PCR. As shown in Figure 1, nonstimulated keratinocytes from
bothh normal and psoriatic lesional skin displayed mRNA for
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constitutively express the two subunits of IL-23. In addition,
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demonstrated the constitutive presence of IL-12 p35

mRNA,, confirming earlier studies12,17,18 8
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heterodimer.. The RT-PCR analysis clearly revealed that
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IL-23. As next step we wanted to determine whether these
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cells are able to produce these subunits at protein level and to

combinee them to heterodimer IL-23. The cell lysate and
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FIGUREE 1 . Keratinocytes express mRNA for the p i 9 and p40 subunits of
tne
IL-23 heterodimer. Total RNA was isolated and reverse transcribed
and after 45 cycles of amplification, the products were analysed. The mRNA
integrity was controlled by amplification of b2 microglobulin. Both normal
a n f j psoriatic lesional keratinocytes were found to express mRNA for the
IL-233 specific p19 subunit, in addition to the known expression of the IL122 p35 and IL-12/IL-23 p40 subunits. This result is representative of
keratinocytess from 4 normal and 4 lesional psoriasis patients.

FIGUREE 2. IL-23 heterodimer is expressed by human
keratinocytess at protein level. Normal human
keratinocytess were stimulated overnight with poly l:C
andd IFN-g. The supernatants and the cell lysates were
subjectedd to SDS-PACE and Western blot analysis. 1,
recombinantt human IL-23 heterodimer (100 ng); 2,
celll lysate; 3, 20-fold concentrated supernatant of
stimulatedd keratinocytes (Representative result of 2
independentt experiments).

supernatantt of stimulated normal keratinocytes were subjected to Western blot analysis,
usingg a polyclonal rabbit antibody which is specific for IL-23 p19. In these samples we
detectedd a protein with a molecular weight of - 6 0 kDa (Fig. 2), which likely represents a
complexx composed of the p i 9 and p40 subunits of IL-23 and is in line with an earlier
studyy using the same antibody 19 . In the recombinant IL-23 sample, the 19 kDa monomeric
subunitt was also detected, but this subunit was not perceptible in the cell lysate and
supernatantt samples (data not shown).
Immaturee MoDCs, being a potential rich source of IL-23, were stimulated with different
stimuli,, either alone or in combination, in order to determine which stimulus is most
powerfull to provoke IL-23 production. For this purpose we designed a specific ELISA that
detectss merely IL-23 heterodimer molecules. As shown in Fig. 3A, no IL-23 could be
detectedd in supernatants of unstimulated cells. Triggering via the CD40 molecule present
onn the cell surface appeared to be effective to induce IL-23 whereas PGN and poly l:C
weree not. Costimulation with IL-1[3 resulted in an enhanced IL-23 secretion by immature
MoDCs.. The highest expression was achieved with a combination of J558-CD40L cells,
PGN,, poly l:C, IFN-y, and IL-1B (Fig. 3A). Because of this, the same cocktail of stimuli was
usedd to stimulate keratinocytes in the following experiment. IL-23 heterodimer was detected
inn the keratinocyte lysates (Fig. 3B), but not in the supernatants of these cells, even if the
supernatantt was 20 times concentrated. The expression of IL-23 was appeared to be ~2-fold
higherr in the lysate samples from stimulated keratinocyte than that in the unstimulated samples.

Expressionn of p19 and p40 subunits of IL-23 at protein level in keratinocytes.
Too further substantiate the evidence that human keratinocytes are able to express IL-23,
culturedd keratinocytes from normal (n = 3), lesional psoriatic skin (n = 3) and nonlesional
psoriaticc skin (n = 3) were stained with antibodies recognizing the unique p i 9 subunit of
IL-233 or the common p40 subunit shared by IL-23 and IL-12. For reasons of comparison,
wee stained the cells for the presence of the p70 heterodimer of IL-12 as well. The IL-23
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FIGUREE 3. Analysis of the expression of the IL-23 heterodimer in MoDCs and keratinocytes. (a) Immature
MoDCss from normal individuals were stimulated 24 h with different stimuli as indicated in the Figure. The
highestt induction of IL-23 heterodimer was found in case J558-CD40L cells were used as stimulus. Mo DCs
weree derived from 3 different donors, (b) The cocktail of all stimuli, causing the highest production of IL-23 in
thee MoDC supernatants, was used to stimulate normal keratinocytes. The cell lysate of stimulated keratinocyte
containedd a higher expression of IL-23 as compared to unstimulated cells (representative data of keratinocytes
fromm 2 different donors).

p199 subunit was expressed in normal, lesional and nonlesional psoriatic keratinocytes
(Fig.. 4A, 4B and 4C). The staining was stronger in small and round cells than in big cells
withh abundant cytoplasm, suggesting that the p19 expression was more prominent in the
undifferentiatedd keratinocytes. Staining with the p40 antibody revealed a similar picture as
thee staining with the IL-23 p19 antibody (Fig. 4 D , 4E and 4F). However, IL-12 p70 expression
whichh represents the biologically active form of IL-12 was seen only in a few cells both in
normall and in lesional psoriatic keratinocytes (Fig. 4G, 4 H and 41). Polyclonal rabbit factor
XIIlaa antibody, which is used as a control for the polyclonal rabbit p i 9 antibody, did not
showw any staining in the keratinocytes (data not shown).

Normall

Nonlesional

Lesional

FIGUREE 4. Cultured keratinocytes from normal, nonlesional and lesional skin express IL-23 protein.
Keratinocytess cultured on an object glass were stained by antibodies specific for IL-23 p19, IL-12/IL-23 p40,
orr the IL-12 p70 heterodimer. IL-23 pi 9 expression in (a) normal, (b) nonlesional, (c) lesional keratinocytes;
IL-12/IL-233 p40 expression in (d) normal, (e) nonlesional, (f) lesional keratinocytes; IL-12 p70 expression in
(g)) normal, (h) nonlesional, (i) lesional keratinocytes. A clear expression of IL-23 p19 and IL-12/IL-23 p40 was
presentt in all keratinocytes, whereas IL-12 p70 was expressed by a few cells. Data are representative of 3
differentt normal controls and 3 psoriasis patients (200x magnification) (J5=> page 192).

Inn situ expression of the IL-23 p19 subunit in skin. In order to confirm the expression
andd localization of IL-23 in situ, we stained normal (n = 7), nonlesional (n = 5) and lesional
(nn = 10) psoriatic skin sections with the IL-23 p19-specific antibody. The expression of the
p199 subunit in the epidermis of psoriatic lesional skin was diffuse and very strong, while in
thee dermis, perivascular cells abundantly expressed this molecule (Fig. 5A). In contrast, in
normall human skin the IL-23 p19 expression in the epidermis was much weaker and in the
dermiss this expression was present in only a limited number of cells, mainly around the
capillariess (Fig. 5C). The control stainings with Factor Xllla, known to be specifically
expressedd by dermal dendritic cells, revealed a completely different staining pattern, showing
positivee cells in the papillary and superficial dermis and no positive cells in the epidermis

(Figuress 5B and 5D). In addition, another IL-23 p i 9 specific polyclonal goat antibody showed
thee same distribution pattern and intensity of IL-23 p i 9 immunostaining (data not shown).
Thee expression of IL-23 p19 in normal, nonlesional and lesional psoriatic skin was scored in
arbitraryy units and was summarized in Figure 6. Statistical analysis of these values indicates
thatt lesional psoriatic skin had a significantly higher expression of IL-23 than normal skin
andd nonlesional psoriatic skin. The expression of IL-23 p19 in normal versus nonlesional
psoriaticc skin did not differ significantly. These results are different from the staining pattern
seenn in the cytospin preparations from isolated and cultured keratinocytes showing a similar
levell of p i 9 expression in lesional, nonlesional and normal skin. This discrepancy might be
causedd by the induction of IL-23 p19 expression due to in vitro processing and culturing of
keratinocytes. .

IL-233 p 1 9

Factor XII la

FIGUREE 5. Expression of IL-23 p19 in normal and psoriatic lesional skin in situ. Immunohistochemical
stainingg of skin sections for IL-23 pi 9 subunit showed a diffuse positive staining pattern in epidermis. The
epidermiss stained markedly stronger in psoriatic lesional skin than in normal skin and the number of the
positivee dermal cells were higher in the psoriatic than that in the normal dermal skin (100x magnification)
(33»» page 193).

Identificationn of IL-23 p i 9 expressing epidermal and dermal cells. In the following
experiments,, we wanted to determine which cell types are responsible for the in situ
expressionn of IL-23 p19 in epidermis and dermis. Cytospin preparations of freshly isolated
epidermall cells from normal (n = 3) and lesional psoriatic (n = 3) skin and of afresh normal
dermall cell suspension (n = 1) were double stained with IL-23 p i 9 and different cell
markerss to identify the cell types expressing this subunit. Concerning the epidermal
compartment,, double staining with p i 9 and CD1a revealed that Langerhans cells could

aa
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Nonlesional l

Lesional l

Normal l

Nonlesional l
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FIGUREE 6. Significantly stronger expression of IL-23 in psoriasis lesional skin. Normal human (n=7) and
psoriaticc lesional (n=10) and nonlesional skin (n=5) sections were stained for IL-23 p19 and the specific
stainingg was scored in (a) epidermis and (b) dermis (* p<0.05; ** p=0.001).

expresss IL-23 p i 9 . However, most of the cells expressing IL-23 p i 9 were negative for
CD11 a showing that Langerhans cells were not the major population expressing IL-23 p19
subunitt in epidermal compartment (Fig. 7 A). Double staining with p19 and HMB45 indicated
thatt melanocytes are not able to produce IL-23 (Fig. 7B). In the dermal cell suspensions
fromm normal skin, - 6 0 % of CD1 c (Fig. 7C), 60 % of CD36 (Fig. 7D), 80 % of HLA-DR (Fig.
7E),, and 20 % of CD3 (Fig. 7F) expressed IL-23 p19. CD83 + cells were quite low in number,
butt 78 % of these cells d i d express IL-23 p19 (Fig. 7C). There were no C D 1 5 +
polymorphonuclearr cells present in the dermal cell suspension (data not shown).

Discussion n
Inn this study we demonstrated at the RNA and protein level that human keratinocytes
constitutivelyy express both IL-23 p i 9 and p40 subunits and can combine them to a
heterodimerr molecule of - 6 0 kDa, strongly indicating that these cells are able to produce
thee biologically active form of IL-23. This result not only supports the view that keratinocytes
contributee to the cutaneous inflammation, but also indicate that they can skew the
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FIGUREE 7. Identification of IL-23 p19 expressing cells. Cytospin preparations of fresh epidermal and dermal
celll suspensions were stained for IL-23 p19 (red) and several different cell markers (blue) The staining of the
epidermall cells revealed that beside keratinocytes, the major group of epidermal cells expressing IL-23 p19,
CD1a ++ Langerhans cells expressed this subunit as well (a). HMB45 + melanocytes did not show a double
stainingg with IL-23p19 subunit (b). Most IL-23 pi 9 subunit expression dermal cells were dendritic cells and
macrophagess as identified by the expression of surface markers CD1c (c), CD36 (d) and HLA-DR (e).
Approximatelyy one-fifth of CD3 + (f) T cells expressed IL-23 p19 as well. ThefewCD83 + (g) dendritic cells in
cytospinn preparations of dermal cells were mostly IL-23 p19 positive (thick arrows double positive cells and
thinn arrows single positive cells; 400x magnification) (33* page 193).

inflammatoryy process towards a type 1 immune response through the expression of IL-23.
Thee presence of the IL-23 heterodimer was detected in cell Iysates of stimulated keratinocytes
byy means of Western blot and ELISA techniques, whereas in the supematants of these
cells,, IL-23 could only be detected by Western blot analysis, but not by ELISA. This
discrepancyy is likely due to a difference in the sensitivity of these two techniques. It should
bee noted that the detection limit of the ELISA used in this study was quite high (400 pg/ml).

Unfortunately,, no other antibodies against IL-23 p19 are available at present to develop a
moree sensitive ELISA. Nevertheless, the ELISA we developed for this study is convenient to
assesss the production of the IL-23 heterodimer in high producers, such as immature MoDCs,
andd was also sensitive enough to detect IL-23 in keratinocyte lysates. From these results we
concludee that human keratinocytes can secrete low but significant levels of IL-23.
Wee found that a powerful stimulation was provided via CD40 triggeringfor IL-23 production
byy MoDCs and this effect was enhanced by IFN-y and in particular IL-ip. This kind of
stimulationn is biologically relevant, because dendritic cells and keratinocytes express CD40
andd can interact with CD40L expressing T cells20-21. IL-1 p and IFN-y are known to induce
CD400 expression of dendritic cells which enable them to interact with CD40L+ cells22,23,
whilee IFN-y, but not IL-1 b, increases the expression of CD40 by keratinocytes24 and IFN-y
alsoo stimulates the expression of IL-1 p by keratinocytes25. Although it is clear that triggering
byy CD40L, IFN-y, and IL-1 P are appropriate stimuli for immature MoDCs to produce IL23,, it can not be excluded that other kind of co-stimuli are needed to boost IL-23 production
byy keratinocytes. On the other hand, one can imagine that keratinocytes are just low
producerss of IL-23, because a too robust secretion by the epidermal layer would be harmful,
ass will be discussed below.
Keratinocytess in lesional psoriatic skin in situ displayed a markedly stronger expression of
IL-233 as compared to keratinocytes in normal skin. In a separate study wee found that after
succesfull narrow-band UVB therapy, a common treatment for moderate to severe psoriasis,
thee elevated levels of IL-23 were reduced to levels found in normal skin or in nonlesional
skinn (unpublished data). The increased expression of this cytokine in the epidermis of
psoriaticc lesions is not an intrinsic aberration of the keratinocytes, because cultured
keratinocytess from normal skin and from nonlesional and lesional psoriatic skin do display
similarr levels of IL-23 protein. The enhanced expression of IL-23 in psoriatic lesional
keratinocytess in situ is likely induced by cells in their neighbourhood, perhaps the activated
memoryy T cells within the infiltrate. A key role of cutaneous T cells in the induction of
psoriaticc lesions is underlined in a recent study in which nonlesional skin of psoriasis
patientss was grafted onto immunodeficient micelacking T cells, B cells and natural killer
cellss on the nonlesional skin grafts from psoriatic patients26. Due to the local proliferation
off donor T cells in the transplanted skin the graft transformed into lesional psoriatic skin.
Thee importance of IL-23 in immune responses in vivo has been clearly demonstrated in
mice.. IL-23-deficient mice display severely compromised T cell-dependent humoral
immunityy and strongly impaired delayed type hypersensitivity responses27. The lack of IL-

233 could apparently not be compensated by endogenous IL-12, indicating that IL-23 is
criticall for memory T cell responses in vivo. On the other hand, T cell priming is not
impairedd in these animals and normal levels of memory T cells are present. Interestingly,
IL-23-deficientt mice show a clear reduction in IL-17 production27, which matches with the
findingg that IL-23, but not IL-12, is a potent inducer of the proinflammatory cytokine IL-17
inn both CD4+and CD8+ T cells28-29. In addition, the lL-23-deficient animals phenotypically
resemblee IL-17-deficient mice2730. In contrast to IL-23 deficiency, engineered systemic
overexpressionn of IL-23, as present in transgenic p19 mice, causes multiorgan inflammation
andd premature death31. In a more sophisticated tissue-specific model, using the keratinocytespecificc keratin 14 promotor, transgenic mice were generated that constitutively express
thee IL-12 / IL-23 p40 subunit in the basal layer of the epidermis32,33. These mice have an
enhancedd and constitutive production of IL-23, but not IL-12, and spontaneously develop
ann inflammatory skin disease, characterized by elevated numbers of Langerhans cells with
markedd upregulated expression of costimulatory molecules and a dermal infiltrate with
increasedd numbers of T cells, macrophages, eosinophils, neutrophils, and mast cells.
Repeatedd injections with recombinant IL-23 in wild-type littermate mice causes a similar
inflammatoryy skin response. Altogether, these experiments in mice illustrate that IL-23 is
indispensablee for memory immunity, but in case this cytokine is excessively produced an
overreactionn of the immune system will take place.
Inn humans however, a possible role of IL-23 in cutaneous inflammation is not thoroughly
studiedd yet. Psoriasis vulgaris may be a good model for such studies because it is considered
too be a type 1 cytokine-mediated disease in which memory T cells play a dominant role1434.
Consideringg the findings in mice that a local excess of IL-23 in the skin causes cutaneous
inflammationn and our observation that IL-23 is present at enhanced levels in psoriatic
lesions,, we assume that this cytokine may participate in the perpetuation of this disease.
Althoughh our in vitro experiments indicate a low secretion of IL-23 by keratinocytes, it can
bee speculated that continuous production of this cytokine by all epidermal keratinocytes
stilll can result in the activation of cells in the close proximity, amongst others memory T
cells.. In response, these cells are stimulated to express proinflammatory cytokines like
IFN-yy and IL-17, which in turn enhance the proinflammatory cytokine production by
keratinocytes35.. Studies in mice indicate that IL-23 can also act on myeloid dendritic cells
byy inducing IL-12 production and, interestingly, promoting in vivo T cell responses to an
otherwisee tolerogenic peptide36. In connection to this, we (Piskin et al, manuscript submitted)
andd others12 have observed a marked enhanced expression of IL-12 p70 in dermal dendritic

cellss and macrophages in psoriatic lesions. Comparative in situ analysis of psoriatic lesional
skinn versus nonlesional skin and normal human skin (Fig. 5 and 6) revealed that apart from
keratinocytes,, the IL-23 expression in dermal antigen presenting cells in the psoriatic lesions
wass increased as well. This observation is supported by a recent publication, in which an
increasedd expression of mRNA for pi 9 and p40 was found in dermal dendritic cells and
macrophagess from psoriatic lesional skin37.
Alll the findings mentioned in the discussion emphasize that a complex relation exists
betweenn dendritic cells, keratinocytes and T cells in the psoriatic lesional inflammation.
Whilee dendritic cells and keratinocytes stimulate T cells to express IFN-y by their expression
off the IL-23 heterodimer, IFN-y production by CD40L+T cells might enhance the expression
off CD40, IL-1 p and IL-23 locally by keratinocytes and dendritic cells. This process may be
furtherr reinforced by CD40-CD40L interaction. In the absence of sufficient suppressive
potential,, this mutual activation of the activated cells may develop into a self-amplifying
loopp that ends in a chronic inflammation as in psoriatic lesions. Because the increased
expressionn of IL-23 in the psoriatic lesional skin contributes to the maintenance of the
chronicc inflammatory process, it may be an interesting target for pharmacological
intervention. .
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Abstract t
Typee 1 cytokine producing T cells are important in the pathogenesis of psoriasis vulgaris,
efficientt therapy for which is provided by narrow band ultraviolet B (NB-UVB). The
expressionn of the type 1 cytokine interferon (IFN)-y is regulated by interleukin (IU-12, IL15,, IL-18, and IL-23, however not much is known about the effect of this therapy on the
levelss of these cytokines in lesional psoriatic skin in situ. In this study, we investigated the
effectss of NB-UVB therapy on the expression of IFN-y-inducing cytokines. Ten patients
withh chronic plaque type psoriasis selected to be treated with NB-UVB therapy were
recruitedd for these experiments and the expression of cytokines IL-12, IL-15, IL-18, IL-23
andd IFN-y in lesional psoriatic skin before, during and after therapy was determined by
immunohistochemistry.. Double staining was performed to determine the cell types
expressingg these cytokines. The decrease in the psoriasis area and severity index (PASI)
wass accompanied by a significant decrease in the expression of IFN-y, and concomitantly,
significantt reduction of IFN-y-inducers, IL-12, IL-18 and IL-23. Thus, we concluded that
thee decrease of IFN-y expression in psoriasis lesions after NB-UVB therapy could be a
resultt of diminished expression of IL-12, IL-18 and IL-23 in lesional skin. Therapies targeting
thesee three cytokines should therefore be considered in the treatment of psoriasis.

Introduction n
Psoriasiss is histologically characterized by hyperproliferation of keratinocytes accompanied
byy a dermal and epidermal inflammatory cell infiltration. Today, it is widely accepted that
thee inflammatory cell infiltrate in psoriatic lesional skin influences hyperprol iferation of
keratinocytes.. The importance of the interaction between keratinocyte and inflammatory
cellss in the pathogenesis of psoriasis via soluble factors, i.e. cytokines, has been shown by
differentt groups14: the majority of T cells in psoriatic lesions produce interferon (IFN)-y,
ratherr than IL-4, showing the predominance of type 1 effector T cells5, and subcutaneous
injectionn of IFN-y was reported to cause formation of psoriatic skin lesions at the site of
injection6.. Cytokines (IL-10, 1L-11 and IL-4) and cytokine inhibitors (anti-IL-2, anti-TNF-a)
thatt suppress type 1 cytokine responses were also found to have a high efficacy for the
treatmentt of psoriasis712. Collectively, these findings demonstrate that psoriasis is a type 1
cytokine-relatedd disease.
UVBB therapy is one of the most commonly applied treatments for psoriasis. UVB is known
too affect cytokine expression and we and others have shown that broad band-UVB irradiation
andd narrow band (NB)-UVB therapy suppress type 1 cytokine responses in normal skin
andd psoriatic lesional skin1317. Acute exposure to high doses of UVB seems to suppress
typee 1 (i.e. IFN-y) and concomitantly provoke type 2 (i.e. IL-4) cytokine expression, while
chronicc exposure to low doses of NB-UVB results predominantly in suppression of IFN-y
expression16,17.. Interestingly, in vitro stimulation experiments revealed that dermal T cells
obtainedd after therapy with NB-UVB radiation displayed a reduced capacity to express
IFN-yy compared to dermal T cells isolated before therapy, thus indicating a change in
phenotypee of T cells remaining in the skin after exposure to UVB. As IFN-y predominates
andd is thought to be important in psoriasis disease activity, suppression of the expression
off this type 1 cytokine might play a role in the healing of skin lesions after UVB therapy.
Thee production of IFN-y is strictly controlled by the expression of other cytokines. The
majorr inducers of IFN-y secretion are IL-12, IL-18, and the recently identified IL-23 and IL2718,199 |L-12 and IL-23 are both heterodimeric molecules, sharing a common p40subunit
whichh is covalently bound to a unique p35 subunit or p19 subunit to form the biologically
activee IL-12 and IL-23, respectively18. In addition, IL-15 was found to induce type 1 cytokine
responses20.. In this study, we investigated the modulation of the expression of IL-12, IL-15,
IL-188 and IL-23 in psoriatic skin lesions after NB-UVB therapy.

Materialss and methods
Patientss and narrow band- UVB therapy. Ten patients (7 women and 3 men; mean
agee 49

16) with chronic plaque type psoriasis who were referred to the Phototherapy

Unitt of the Department of Dermatology at the Academic Medical Center in Amsterdam for
NB-UVBB therapy were included in this study. The study design was approved by the local
ethicss committee. The patients stopped systemic therapies 4 weeks and topical treatments,
otherr than emollients, 2 weeks before their inclusion to the study. Irradiation was given in
aa TL-01 lamp (311 nm, Philips, The Netherlands) equipped cabinet three times per week.
Thee initial UVB dose was determined according to the skin type of patients. Although this
wass not an inclusion criterion, all patients in this study were determined to have skin type
33 according to the Fitzpatrick classification which is representative for our patient population.
Thesee patients typically started to the therapy with a NB-UVB dose of 0.08 J/cm2. The dose
wass increased by 3V2 times at each subsequent exposure. In this group of patients, the
maximumm dose applied was up to 2.25 J/cm2. In case of UVB-induced skin irritation,
previouss dose was applied or the treatment was discontinued according to the severity of
thee reaction. The NB-UVBB therapy was continued for 10.6

1.9 weeks. Clinical condition

att the time of biopsy-taking was determined by psoriasis area and severity index (PASI).
Punchh biopsies of 5 mm were taken before, at the 3rd week and at the end of the NB-UVB
therapyy from the plaques located on the lower back of patients. A template was used to
markk the plaque where the first biopsy was taken. This was done to obtain the later biopsies
fromm the same plaque. Because we kept a distance of at least 2 cm between each biopsy
onn the same plaque, it was not always possible to get all biopsies from the same plaque.
Therefore,, we also include the nearby plaques with similar clinical appearance on the template
too take biopsies at later time points. Skin sections of 5 mm from frozen skin biopsies were
usedd for immunostaining. Three normal control biopsies of 5 mm were taken from skin
specimenss obtained from plastic surgical operations of the breast or abdomen.
Antibodies.. Primary mouse anti-human antibodies against cytokines used for immunohistochemistryy were as follows: Biotin-conjugated anti-IL-12 / IL-23 p40 (clone C8.6, BD
Pharmingen,, San Jose, CA), anti-IL-12 p70 (clone 24945.11, R&D Systems, Minneapolis,
MN),, anti-IL-18 (clone 25-2G, R&D Systems), anti-IL-15 (clone 34505.11, R&D Systems)
andd anti- IFN-y (clone 25723, R&D Systems). Polyclonal rabbit anti-human IL-23 p19
subunitt was a kind gift of Dr. J. Pirhonen (Dept. of Microbiology, National Public Health
Institute,, Helsinki, Finland). To identify the cell types expressing IL-12, IL-18, and IL-23
p199 subunit, the following FITC-labelled antibodies were used in double staining: anti-

CD33 (clone 5K7, T cells; BD Pharmingen, San Jose, CA), anti-CD36 (clone FA6.152,
macrophages;; Beekman Coulter, Fullerton, CA), anti-CD15 (clone C-3D1,
polymorphonuclearr leukocytes; Dako, Glostrup, Denmark), anti-CD83 (clone HB15,
activated/maturee dendritic cells; BD Pharmingen), anti-HLA-DR (clone L-243, BD
Pharmingen).. Staining with isotype controls was performed to confirm the specificity of
thee staining with monoclonal antibodies (data not shown). As control for the polyclonal
rabbitt anti-IL-23 p19 antibody we used the polyclonal rabbit antibody against factor Xllla
(Biogenex,, San Ramon, CA), which stained only dermal dendritic cells and did not show
anyy staining of epidermal cells (data not shown).
Immunohistochemicall staining. Immunohistochemical staining of cryostat sections
wass performed as described before14. Briefly, following fixation at 4 C for 10 min in acetone,
sectionss were incubated sequentially with 10 % normal goat serum (Dako) at room temperature
forr 15 min, primary antibody overnight at 4

, biotin-conjugated goat anti-mouse (Dako) at

roomm temperature for 30 min and avidine peroxidase (Dako) at room temperature for 30
minn (Dako). For p19 staining, the second step was performed with biotin-conjugated goat
anti-rabbitt (Dako) instead of biotin-conjugated goat anti-mouse. After each incubation step,
exceptt for the incubation with normal goat serum, the sections were washed 3 times with
Tris-bufferedd saline. Peroxidase activity was detected as red color using the chromogen 3amino-9-ethylcarbazolee (AEC; Sigma-Aldrich, St Louise, MO). Hematoxilin was used to
performm nuclear staining.
Forr double staining, the alkaline phosphatase-anti-alkaline phosphatase technique (Dako)
wass used to intensify the signal of the primary cytokine antibodies. After that, the sections
weree incubated sequentially with 10 % normal mouse serum (Dako), second primary antibody,
rabbitt anti-FITC (Dako) and goat anti-rabbit peroxidase (Dako). The color development was
achievedd by using naphtol-AS-MX-phosphate (Sigma) for blue and AEC for red.
Microscopy.. The sections were counted and scored at a 200x magnification by two
investigatorss who were blinded for the sections. Epidermal and dermal positive cells were
countedd separately in at least 3 sections of each biopsy. The cell numbers were corrected
too 1 mm2 of epidermis and dermis. Ten, the mean cell numbers from 3 sections were
calculatedd for each biopsy from each of the 8 patients. The mean cell numbers from the
biopsiess of the different patients are presented in the results. In case of epidermal stainings
off IL-12 / IL-23 p40, IL-23 p19, IL-18 and IL-15, we used a scoring to determine the
intensityy of the staining as these cytokines were stained diffusely in the epidermis and not

inn single cells. The staining intensity of the total length of the section was arbitrary scored
ass follows: 0, no staining; 1, very weak staining; 2, weak staining; 3, moderate staining; 4,
strongg staining; 5, very strong staining. Basal and suprabasal stainings were scored separately,
ass the staining intensity was different in these two compartments (see epidermal staining
patternn of IL-15 in Fig. 3P).

Statistics.. Mean and standard deviation were calculated for each variable. The p value
wass determined by the student's t test (paired samples) to compare the results from the
138 8

variabless before, at the 3 rd week and after the therapy.

Results s
Decreasee in the expression of IFN-y-inducing cytokines after NB-UVB therapy.
Ninee out of 10 patients showed a good clinical response to the NB-UVB therapy as
determinedd by PASI (Fig. 1). In one of the 9 patients, the plaque chosen as biopsy site did
nott show significant clinical and histological changes, while other lesions of this patient
improvedd causing a marked decrease of the PASI after the therapy (PASI before therapy 9.2
andd after therapy 3.7).
Stainingg patterns of different cytokines are summarized in Table 1. Comparison of mean
scoress of the immunohistochemical staining in the next experiments was based on the
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Figuree 1 . Decrease in the psoriasis area and severity index
(PASI)) after the NB-UVB therapy (n = 10, * p < 0.05).
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resultss of the eight responder patients as our main goal was to determine whether the clinical
improvementt was related to a decrease in the expression of IFN-y- inducing cytokines. Results
off the nonresponders will be discussed at the end of this section. Confirming our earlier
observation 17 ,, NB-UVB treatment caused a significant decrease in IFN-y expression in lesional
skinn (p = 0.04 in dermis; p = 0.02 in epidermis) (Fig. 2A, 2G and 3A-C).
Thee expression of the common p40 subunit shared by IL-12 and IL-23 was abundant in
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Figuree 2. Change in the expression of cytokines before, during and after therapy with NB-UVB in lesions with
clinicall improvement (n = 8). Bars represent either absolute cell counts or scores in the dermis (a-f) and in the
epidermiss (g-k) as explained in the Materials and Methods. Standard deviations were calculated from the
meann total cell numbers or scores (* p < 0.05, ** p < 0.001).

psoriaticc lesional skin before therapy (Fig. 3D). The overall expression in epidermis and
dermiss of affected skin was approximately twice that than in nonlesional and in normal
skinn (Fig. 2B). Epidermal expression was strong but diffuse and confined to the basal and
suprabasall keratinocytes while dermal expression was mostly seen in the perivascular area
(Tablee 1, Fig. 3D). After NB-UVB therapy, the expression of the IL-12 /IL-23 p40 subunit in
thee lesions decreased approximately 60 % in the dermal and epidermal compartments (p
== 0.04 in dermis and p = 0.003 in epidermis; Fig. 2B, 2H and 3D-F). The expression of the
IL-122 p70 heterodimer, was generally confined to the cell infiltrate in the papillary dermis
(Tablee 1, Fig. 3G). No positive cells were found in the epidermis. The expression of the
biologicallyy active p70 heterodimer of IL-12 diminished significantly upon NB-UVB therapy
inn the dermis as illustrated in Fig. 2C and Fig. 3G-I(p = 0.001).
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Figuree 3. Determination of cytokine expression in psoriatic lesional skin sections before (right column), after
33 weeks (middle column) and at the end (left column) of the NB-UVB therapy, (a-c), IFN-y; (d-f), p40; (g-i), IL122 p70; (j-l), IL-23 pi 9; (m-o), IL-18; (p-r), IL-15. Presence of cytokine was detected as red color and blue
nuclearr staining was performed with hematoxilin. Original magnification x 25 (33* page 194).

Thee expression of the IL-23 p19 subunit was increased in all skin compartments in psoriatic
lesionall skin as compared to normal skin (Fig. 2D and Fig. 3J). The staining with pi 9
antibodyy was strikingly diffuse and strong in epidermis suggesting that keratinocytes could
expresss this subunit of IL-23 (Table 1). Upon treatment with NB-UVB, this expression
decreasedd significantly both in epidermis and dermis (p < 0.001 in dermis and p = 0.03 in
epidermis;; Fig. 2D, 21 and Fig. 3J-L).
Anotherr important inducer of IFN-y expression, IL-18, was found to be located in similar
cutaneouss sites in the psoriatic lesion as the IL-12 / IL-23 p40 and IL-23 p19 subunits (Table
1,, Fig. 3M). The expression of IL-18 was diminished predominantly in epidermis after NBUVBB therapy (p = 0.01 in dermis, p = 0.001 in epidermis; Fig. 2E, 2J and Fig. 3M-0).
IL-155 has been suggested to play an important role in the psoriatic lesional activity being
bothh an activator of T cells, inducer of Th1 responses and suppressor of apoptosis20.
Expressionn of IL-15 was mainly confined to basal epidermal cells and dermal perivascular
cellss in normal and psoriatic lesional skin. However, in the psoriatic lesional skin, IL-15
wass expressed more strongly in epidermal cells and by higher numbers of dermal cells
thann in nonlesional and normal skin (Table 1, Fig. 2F and 2K). IL-15 expression decreased
afterr the NB-UVB therapy, but this decrease did not show any significance due to the high
variationn of expression between the patients (Fig. 2F, 2K and Fig. 3P-R).
Concerningg the two nonresponders, a minor decrease or even an increase (IFN-y and IL18)) in the expression of cytokines was found in the lesional skin upon UVB therapy, which
iss in sharp contrast to the marked decrease of IFN-y and IFN-y- inducing cytokines observed
inn the eight responders (Fig. 4). The resultss of the nonresponders further stressed that clinical
improvementt of psoriasis lesions is related to a diminished expression of type 1 cytokines.

Tablee 1. Staining pattern of cytokines in psoriatic lesional skin
Cytokine//

IFN-y

Cytokinee

IL-12/IL-23

IL-12 p70

IL-23 p19

IL-18

Dermal
perivascular
and dermal
scattered

Diffuse strong Diffuse strong
epidermal,
epidermal,
dermal
dermal
perivascular
perivascular
and dermal
and dermal
scattered
scattered

IL-15

p40

subunit t
Stainingg
patternn

Epidermal
scattered,
dermall
perivascularr

Diffuse strong
epidermal,
dermal
perivascular
andd dermal
scatteredd

Diffuse strong
basal
epidermal,
dermal
perivascular
and dermal

scattered d

Dermis s
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Figuree 4. Effect of NB-UVB therapy on IFN-y and IFN-y-inducing cytokines. The mean cell numbers and
staining-intensityy scores after therapy subtracted from the mean before therapy. A positive value indicates
thatt NB-UVB therapy reduced the cytokine expression. The responders (n = 8, white bars) show a clear
decreasee of IFN-y and IL-18 expression whereas the opposite was true for the nonresponders (n = 2, black
bars).. Although the patient groups were too small to draw firm conclusions, the reduction of the common p40
andd the specific IL-12 p70 and IL-23 pi 9 subunits in the responder group seems to be more pronounced than
inn the nonresponders.

Inn situ determination of cells expressing IFN-y inducers. Double staining revealed
thatt those cells which expressed IL-12 p70, IL-23 p19 and IL-18, were located in close
proximityy to CD3 + T cells as seen in Fig. 5A, 5B and 5C, respectively. IL-12 p70+, IL-23
p19++ and IL-18+ cells co-expressed HLA-DR indicating a possible role for antigen-presenting
cellss in the high IFN-y expression of the activated T cells (Fig. 5D-F). Most of the CD36+
macrophagess located in the inflamed psoriatic lesional dermis costained with IL-12 p70,
IL-233 p19 and IL-18 (Fig. 5G-I). Approximately a quarter of the CD83+ dendritic cells
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Figuree 5. Double immunoenzymatic staining of IL-12 p70, IL-23 p19 and IL-18 with various cell surface
markers.. Single and double stained cells are marked by thin and thick arrows, respectively, (a), IL-12 p70
(blue)(blue) and CD3 (red); (b), IL-23 p19 (red) and CD3 (blue); (c), IL-18 (blue) and CD3 (red); (d), IL-12 p70 (blue)
andd HLA-DR (red); (e), IL-23 p19 (red) and HLA-DR (blue); (f), IL-18 (blue) and HLA-DR (red); (g), IL-12 p70
(blue)) and CD36 (red); (h), IL-23 p19 (red) and CD36 (blue); (i), IL-18 (blue) and CD36 (red); (j), IL-12 p70
(blue)(blue) and CD83 (red); (k), IL-23 p19 (red) and CD83 (blue); (I), IL-12 p70 (blue) and CD15 (red). Original
magnificationn x200) ( ^ page 195).

coexpressedd these cytokines as illustrated in Fig. 5J and 5K. As it is known that the human
polymorphonuclearr leukocytes can express IL-12 p70 heterodimer21-22, we also investigated
thee CD15+ polymorphonuclear leukocytes as a possible source of this cytokine. Interestingly,
IL-122 p70 was expressed by numerous CD15+ polymorphonuclear leukocytes (Fig. 5l).

Discussion n
UVBB radiation modulates cytokine expression in the effector cells in human skin resulting
inn local and systemic immunosuppression 23 . This immunomodulatory effect is
simultaneouslyy advantageous and disadvantageous as it suppresses reactivity to self-antigens
producedd as a result of UV exposure, but on the other hand, may promote induction of
skinn cancer. Recent studies showed that the efficacy of UVB therapy in psoriasis could also
bee explained by this immunosuppressive effect. These studies demonstrated that UVB
therapyy leads not only to a decrease in the number of T cells invading the psoriatic skin,
butt also diminishes the predominance of the type 1 cytokine IFN-y in the lesions 151724 .
Thee presence of proinflammatory and type 1 cytokines depends on the availability of
factorss controlling their secretion and activity. The major inducers of IFN-y are IL-12, IL15,, IL-18, IL-23 and IL-27, therefore it was not surprising to observe in this study that IL-12,
IL-188 and IL-23 were abundantly expressed in psoriatic lesional skin. Unfortunately the
expressionn of IL-27 could not be measured in these experiments due to a lack of available
antibodies.. The biologically active IL12 p70 heterodimer is formed by covalent binding of
p400 and p35 subunits. In support of our results our findings on the expression of the
commonn p40 subunit and the IL-12 p70 heterodimer, Yawalkar et al have also reported
thatt expression of the p40 and IL-12 p70 in psoriatic lesional skin was higher compared to
thee expression in nonlesional and normal skin25. Moreover, they also demonstrated that
thee expression of IL-12 p70 heterodimer was mainly confined to dermal mononuclear
cells,, but not to keratinocytes. Our double staining experiments showed that the increased
expressionn of IL-12 p70 in the psoriatic lesions takes place in dendritic cells, macrophages,
andd neutrophils. It has recently been shown that the p40 subunit of IL-12 and a p19 subunit
formm the heterodimeric cytokine IL-23, which has several functions in common with IL1226.. In the present study, we showed that both p40 and p19 subunits were abundantly
expressedd in psoriatic lesional skin which may give rise to the expression of biologically
activee IL-23. It was interesting to observe that the expression of these two subunits was
confinedd to the epidermal cells and increased in lesional skin as compared to normal skin,
suggestingg that keratinocytes may have the ability to produce IL-23. Kopp et al showed

thatt p40 transgenic mice constitutively produce IL-23 (p19 / p40) in basal keratinocytes by
cosecretionn of transgenic p40 with endogenous p19, which could suggest that IL-23 may
bee important in the cutaneous inflammatory responses27. Support for this suggestion comes
fromm a recent report, in which an upregulation of p19 and p40 subunits in lesional dermis
comparedd to nonlesional skin was demonstrated at the mRNA level, while the p35 subunit
off IL-12 was not found to be increased28.

IL-23 has been shown to promote type 1

cytokinee responses predominantly in memory T cells26; because the majority of T cells
foundd in psoriatic lesions are memory cells29, it can be speculated that the increased
expressionn of IL-23 in psoriatic lesions may be responsible, at least in part, for the overexpressionn of IFN-y by memory T cells in these lesions. However it is important to consider
that,, besides keratinocytes, T cells and neutrophils located in the lesional epidermis may
contributee to the epidermal expression of cytokines. Because of the diffuse staining pattern
wee observed in the epidermis, except for IFN-y staining, it is difficult to determine the
contributionn of each of these cell types to the epidermal cytokine expression.
Suppressionn of IL-12 expression by an anti-IL-12 antibody was shown to diminish the
diseasee activity in a murine psoriasis-like skin disorder30. Interestingly, IL-12 was found to
bee downregulated in UVB-irradiated normal skin3132, while its immunosuppressive effect
wass reversed by administration of IL-1233. This suggests that the immunomodulatory effects
off NB-UVB therapy could, at least partially, be achieved by a decrease in functional IL-12.
Inn line with this, our results demonstrated a decrease of both the common IL-12/IL-23 p40
subunitt and the IL-12 p70 heterodimer in psoriatic lesions after treatment with NB-UVB.
Moreover,, the p19 subunit of IL-23 significantly decreased in lesional skin after therapy.
Wee can not exclude, however, that decreased numbers of inflammatory cells (such as T
cells,, dendritic cells and macrophages) in epidermis and dermis may have contributed to
thee decreased expression of IL-12 and IL-23 in the lesional skin after NB-UVB therapy17.
IL-188 is a cytokine resembling 1L-1 and principally produced by macrophages, but also by
keratinocytess in the skin34-35. It has similar functions to IL-12, being an inducer of IFN-y
expressionn from T cells and natural killer cells19-36. IL-18 was found to be increased in skin
lesionss and the peripheral blood of psoriasis patients36-37. In our study, the upregulated
expressionn of 1L-18 in psoriatic lesional skin was found to be suppressed after NB-UVB
therapy,, predominantly in the epidermis. As this cytokine promotes type 1 cytokine
responses,, its UVB-induced suppression could be important in the decreased disease activity
inn psoriatic lesions. Previous reports have demonstrated that UVB irradiation in vitro does
nott alter IL-18 expression in Langerhans cells38, but that it increases IL-18 production by

keratinocytes39.. However, these in vitro studies were performed on cells from normal skin
whichh is not comparable to our in situ study on psoriatic lesions.
IL-155 has structural and functional similarities to IL-2. However, unlike IL-2, it is produced
byy numerous cell types20. Expression of IL-15 in keratinocytes is enhanced by IFN-y40 and,
vicee versa, leading to the classification of IL-15 as a proinflammatory type 1 cytokine4143.
Sincee psoriatic lesions are dominated by type 1 cytokines, it is not surprising that the expression
off IL-15 was reported to be higher in psoriatic skin lesions than in normal skin44; the high
expressionn of IL-15 and the IL-15 receptor in psoriatic lesional keratinocytes was suggested
too give rise to juxtacrine signaling that results in decreased apoptosis, eventually leading to
thickeningg of epidermis. More recently it was reported that IL-15 also has a direct stimulatory
effectt on keratinocytes proliferation45 and that blockage of IL-15 may be used as a therapy for
psoriasis46.. Earlier studies concerning the effects of UV-radiation in IL-15 expression in normal
skinn revealed that the constitutive expression of IL-15 mRNA and protein in normal skin is
upregulatedd after in vitro UVB and PUVA exposure4748. However, Blauveltetal demonstrated
thatt the IL-15 expression decreases in in vitro UVB-irradiated keratinocytes49. Our study
revealedd that the therapeutic use of NB-UVB resulted in only a slight suppression of IL-15
expressionn in psoriatic lesions, suggesting that inhibition of IL-15 has a less prominent role
inn diminishing disease activity.
Thee biological impact of UVB-irradiation is mediated by several changes in the micromilieu
off the human skin. In addition to the production of soluble factors, such as cytokines, the
residentt cells in the skin also show considerable changes: Langerhans cells and T cells are
vulnerablee to the apoptotic effects of UVB depending on the dose and type of radiation; in
addition,, Langerhans cells are known to exhibit different cell surface markers after UVB
exposuree as compared to the unexposed Langerhans cells resulting in a loss of activation
off type 1, but not type 2, T cells50. Moreover, immunocompetent cells such as neutrophils
andd macrophages invade the skin after UVB exposure and contribute to the
immunosuppressivee environment by production of cytokines such as IL-4 and IL-1014,23.
Althoughh our present study focused on the suppression of type 1 cytokine responses in the
UVB-treatedd skin, other UVB-induced changes in the cutaneous micromilieu can play
roless in the therapeutic effect of UVB.
Altogether,, our study clarifies some aspects of the mechanisms of decreased type 1 cytokine
responsess after NB-UVB therapy in psoriatic lesional skin. Suppression of the expression of
IL-12,, IL-18 and IL-23, which are all inducers of proinflammatory type 1 cytokine responses,
couldd explain the decreased expression of IFN-y, an important cytokine mediating the

pathophysiologicall changes seen in psoriatic lesions. Future studies are needed to investigate
whetherr the decreased expression of these cytokines is a direct effect of UVB radiation on
thee production capacity of the different cell types or just due to the decreased number of
inflammatoryy cells producing these cytokines. Our results provide support to justify the
usee of newly developed cytokines and cytokine inhibitors in the treatment of psoriasis.
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Introduction n
TT cel Is are involved in the pathogenesis of psoriasis]. A classical systemic treatment of psoriasis
i.e.. cyclosporine A, is effective through inhibition of T cell activation. Cyclosporine A inhibits
TT cell activation via inhibition of calcineurin mediated Nuclear Factor of Activated T cells
ii

dephosphorylation.. It also decreases the number of T cells in lesional psoriatic skin 2 3 .
Methotrexatee is another effective systemic treatment of psoriasis. It inhibits folate-dependent
enzymess which are important in cell proliferation. This could explain decreased keratinocyte
proliferationn in psoriasis after methotrexate treatment. In high doses, it also exerts antiinfammatoryy effects through increased adenosine release. On the other hand, injection of
methotrexatee in low doses induces apoptosis of in vitro activated T cells from peripheral
bloodd of patients with rheumatoid arthritis without causing adenosine release. The apoptotic
actionn of methotrexate can be reversed by addition of purines 4. It is not known whether
methotrexatee affects T cells in psoriasis patients.
Psoriasiss is characterized by a predominance of type 1 cytokine [interferon-y (IFN-y)],
expressionn in peripheral blood and lesional skin of patients

56

. High IFN-y expression

contributess to the inflammation in psoriatic skin via its proinflammatory effects. Systemic
treatmentt with anti-inflammatory (interleukin-10 and interleukin-11) and type 2 [interleukin
44 (IL-4)] cytokines which counteract the inflammatory effects of IFN-y, was found to cause
clinicall improvement in lesions of patients with psoriasis 79 .
Withh respect to the crucial role of T cells and cytokines in psoriasis, we evaluated the in
situsitu effects of therapy with either cyclosporine A or methotrexate on number of cutaneous
TT cells and type 1/ type 2 (IFN-y/ IL-4) cytokine balance of psoriatic skin.

Materialss and methods
Patientss This study was part of a prospective randomized trial, comparing efficacyy of oral
cyclosporinee A versus methotrexate in the treatment of severe psoriasis. The main clinical
resultss of this study were reported elsewhere 10. Patients, of at least 18 years of age with
chronicc plaque type psoriasis were included in this study. Patients were recruited from the
Academicc Medical Center dermatological outpatient clinic in Amsterdam and other
dermatologicall outpatient clinics throughout The Netherlands. Patients were included if
thee Psoriasis Area and Severity Index (PASI) at the time of randomization was 8 or higher
andd if topical therapy had failed " . All patients gave their written informed consent and the
studyy was approved by the local ethics committee. No active topical treatment for psoriasis
wass permitted during treatment. All anti-psoriatic medication was stopped. Patients were
randomizedd for either cyclosporine A or methotrexate therapy. Cyclosporine A was given

orallyy (Neoral®™ capsules of 25 or 100 mg) as 3 mg/kg body weight/day for 13 weeks
followedd by weekly tapering to 2 mg/kg body weight/day, 1 mg/kg body weight/day and
0.55 mg/kg body weight/day. Thereafter, medication was withdrawn. Methotrexate was
givenn orally (tablets of 2.5 mg) according to the Weinstein scheme as 15 mg/week in three
equalequal doses of 5 mg each 12 hours apart for 13 weeks. The methotrexate dose was tapered
weeklyy to 12.5 mg/week, 10 mg/week, 5 mg/week and 2.5 mg/week. Thereafter, medication
wass withdrawn. After the first four weeks of oral therapy, clinical efficacy was evaluated
andd in case of unsatisfactory results doses were adjusted to alternative, higher dosage
schemes.. Laboratory results were obtained in a blinded fashion before randomization
(weekk 0) and at week 12 of therapy. The code was broken only after all definitive results
weree obtained from all participating patients.
Biopsiess and immunohistochemical staining Four millimeters punch biopsies from
lesionall skin were taken under local anesthesia before and after 12 weeks of cyclosporine
AA or methotrexate therapy. Biopsies were snap frozen in liquid nitrogen and stored at .. Sections (6 mm) from the frozen skin biopsies were fixed in acetone at

. To block

thee endogenous peroxidase activity, sections were treated with 0 . 1 % sodiumazide and
0.3%% H 2 0 2 in tris-HCl buffered saline for 20 minutes at room temperature. After brief
washingg in tris-HCl buffered saline, the sections were incubated with 10 % goat serum
(Dako,, Glostrup, Denmark) for 20 minutes at room temperature followed by incubation
withh IL-4 antibody (Genzyme, Cambridge, MA) or IFN-y antibody (R&D Systems,
Minneapolis,, MN) or CD3 antibody ( Dako). For cytokine staining, overnight incubation at
CC and for T cell staining, 1 hour incubation at room temperature were performed. After
that,, sections were sequentially incubated with biotinylated goat anti-mouse antibody
(Dako)) and horseradish peroxidase-conjugated streptavidin (Dako). Peroxidase activity
wass detected as a red colour by use of chromogen 3-amino-9-ethylcarbazole substrate
(Sigmaa Aldrich Chemie, Munich, Germany). Counterstaining was performed with
hematoxilin.. Negative controls were obtained by using nonspecific isotype controls as
primaryy antibodies. All preparations were evaluated by 3 investigators without clinical
information.. CD3+ lymphocytes were counted in 4 sequential high power fields (x400) of
eachh section. Each high power field included epidermis and dermis. Cell counts from 2
sectionss of each biopsy were averaged. IL-4 and IFN-y stainings were scored as follows: 0,
noo staining; 1+, weak staining associated with few cells; 2+, strong staining associated
withh several scattered or small groups of cells and; 3+, strong staining associated with
manyy cells forming large groups.

Results s
Thee skin biopsies were obtained from 5 patients receiving methotrexate and 5 patients
receivingg cyclosporine A therapy. The characteristics of patients can be seen in Table 1.
Thee mean PASI of these patients markedly decreased after 12 weeks of both treatments
fromm 13.8 to 4.4 in cyclosporine A group and from 13.5 to 4.0 in methotrexate group.
Tablee 1 . Characteristics of patients from the cyclosporine A and methotrexate treatment groups.
Characteristicss
meann age (range)
male/femalee ratio
meann PASI at entry (range)
meann PASI at week 12 (range)

Cyclosporine A (n=5)

Methotrexate (n=5)

41.3 (22-55) years
4-1
13.8 (9.6-18.2)
4.4(1-14.3)

45.2 (32-66) years
3-2
13.5 (11.5-19.6)
4.0(0.6-11.2)

Evaluationn of psoriatic skin biopsies of all patients before treatment revealed a heavy infiltration
off T cells, identified as CD3+cells, especially in papillary dermis forming large clusters around
capillariess before cyclosporine A treatment (Figure 1 A) and methotrexate treatment (Figure
1B).. In addition to decreased epidermal thickness in different degrees (data not shown),
reductionn of T cell numbers was observed after 12 weeks of systemic treatment with
cyclosporinee A Figue 1C) or methotrexate (Figure 1D). A summary of the T cell countings of
alll five patients in both groups is given in Figure 2. T cells were diminished 47.8% (range
6.7%-85.8%)) in the cyclosporine A group and 47.5% (range 10.84%-87.4%) in the
methotrexatee group. The reduction of T cell numbers was most prominent in areas which
showedd the highest reduction of the epidermal thickness upon treatment in both groups.
Ass concerns the presence of IFN-y and IL-4 in the psoriasis lesions, both were variably
expressedd before treatment (Table 2). IFN-y was located abundantly in papillary dermis (Figure
1E),, whereas IL-4 expression was mainly characterized by scattered cells in epidermis and
dermiss (Figure 1F). Reduction of IFN-y expression after 12 weeks of treatment was observed
inn 3 of 5 biopsies in both treatment groups (Figure 1G and Table 2). In 2 biopsies no major
changee of IFN-y expression was found, in spite of prominent reduction in inflammatory cell
infiltration.. Further, one patient in the methotrexate group and two patients in the cyclosporine
AA group (having the highest IL-4 expression before therapy) showed decreased expression of
IL-44 after therapy. In the biopsies of other patients, IL-4 was absent or vaguely expressed
beforee treatment and remained so thereafter (Figure 1H and Table 2).
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Figuree 1. Immunohistochemical stainings of the skin biopsies. Representative stainings are shown from the
patientss treated with either cyclosporine A or methotrexate (200x magnification). Section-pairs before and after
treatmentt belong to the same patient for each staining (a-c, b-d, e-g, andf-h). (a) Before cyclosporine A treatment,
(b)) before methotrexate treatment, (c) after cyclosporine A treatment, (d) after methotrexate treatment. Red
stainedd CD3 + cells are abundantly expressed before treatment in upper dermis and also in epidermis (a, b).
Numberr of positively stained cells is dramatically decreased after both treatments (c, d). (e) IFN-g expression
beforee methotrexate treatment, (f) IL-4 expression before methotrexate treatment, (g) IFN-g expression after
methotrexatee treatment, (h) IL-4 expression after methotrexate treatment. Both cyclosporine A and methotrexate
treatmentss caused decreased IFN-g and IL-4 expression in skin sections of some patients. Sections of the patient
fromm methotrexate group show that the IFN-g expression mainly confined to papillary dermis (e) and IL-4
expressionn in dermis (f) are suppressed after the treatment (g, h) (x$* page 195).
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Figuree 2. T cell numbers before and after
treatment.. Time (X-axes, weeks after
randomization)) versus number of CD3 + cells
countedd in 4 sequential high power (400x) fields
off psoriatic patients treated with either cyclosporine
AA (left, open circles, cyclosporine A) or
methotrexatee (right, closed circles, methotrexate).
Inn both treatment groups number of CD3 + cells
decreasedd after 12 weeks of treatment in all
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Tablee 2 . IFN-y / IL-4 expression in skin after cyclosporine A and methotrexate treatments.

Cyclosporinee A

WeekO O Weekk 12
Patientt
Patientt
Patientt
Patientt
Patientt
::

1
2
3
4
S

2+* *
22 +
33 +
33 +
11 +

IFNl-y
Ny

WeekO O Weekk 12

WeekO O Weekk 12

2+ +
11 +
2+ +
22 +
11 +

11 +
00
11 +
22 +
22 +

n''
n> n>
n> n>
nn

Methotrexate e

IL-4 4

IFN-y y

OO
era a

11 +
00
11 +
11 +
11 +

2+ +
2+ +
2+ +
22 +
3+ +

2+ +
22 +
11 +
00
11 +

IL-4 4
WeekOO

Week 12

11 +
00
00
11 +
2+ +

11 +
00
00
11 +
00

Arbitrary score is defined in the text.

Discussion n
Thee present study shows that the diminished T cell numbers in lesional skin are not only
observedd after cyclosporine A therapy of psoriasis, but also after methotrexate therapy. In
lastt decade, many in situ studies widely documented the T cell number reducing effects of
cyclosporinee A in psoriatic skin 1 2 J 3 , but surprisingly though, in situ effects of methotrexate
therapyy on psoriatic T cells has not been studied until now. The main cause of the lack of
thesee studies is probably the strong proliferation inhibitory effects of methotrexate which
hass been considered as the major therapeutic mechanism in psoriasis by the suppression
off keratinocyte growth. It has also been shown that methotrexate suppresses neutrophil
functionss in psoriatic skin. Several studies postulated that the beneficial effects of methotrexate
onn T cells in other diseases like rheumatoid arthritis and graft versus host disease maybe
mediatedd by T cell death and subtype changes 14 . Obviously, inhibitory effects of methotrexate
onn T cells also operate in the treatment of psoriasis. In the present study we show that this
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changee comprises mainly reduction of T cell numbers in skin. This decrease could be the
resultt of decreased cutaneous lymphocyte associated antigen expressing T cells in the
peripherall blood after methotrexate treatment of the patients in this study, which could result
eventuallyy in decreased recruitment of T cells into the skin (unpublished peripheral blood
dataa from this study). On the other hand one cannot exclude the possibility of T cell apoptosis
inn the skin, which has been shown to occur in in vitro studies 5.
Bothh methotrexate and cyclosporine A are known to influence cytokine expression regulation
15 16

' .. It has been shown that IFN-y related molecules i.e. IP-10 and HLA-DR are

downregulatedd in psoriatic skin by cyclosporine A therapy 13. Nevertheless, no significant
changee in IFN-y expression in psoriatic skin before and after cyclosporine A therapy has
beenn found 16. Although cyclosporine A has been shown to restore the abnormal cytokine
balancee in atopic dermatitis 17, it seems to suppress expression of both IFN-y and IL-4 in 3
off 5 cases of psoriatic skin lesions. Similarly, methotrexate causes decrease of type 1 and
increasee of type 2 cytokines in rheumatoid arthritis patients

15

. However, in this study it

wass not found to have a major effect on IFN-y/IL-4 balance, but reduction of IFN-y in 3 and
IL-44 in 1 of 5 cases.
Inn conclusion, we have demonstrated that cyclosporine A and methotrexate were equally
effectivee in decreasing T cell numbers in psoriatic skin. However, none of the systemic
treatmentss had effect on lesional IFN-y and IL-4 expression, although a reduction of cytokine
expressionn was observed in some patients.
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Summaryy and Discussion

Summaryy and Discussion
Thee aim of this thesis was to investigate the possible role of cytokines in the improvement
off psoriatic lesional skin mediated by immunosuppressive therapies. The majority of our
studiess were dedicated to the effects of UVB radiation. In one study, skin biopsies from
patientss treated with cyclosporine A and methotrexate were included to see the effects of
thesee systemic therapies on the psoriatic skin. As concerns the UVB irradiation, two different
radiationn methods were used in these studies. Firstly, the skin of psoriatic patients and
normall subjects were locally irradiated with a single high (erythema-inducing) dose of
UVBB to investigate effects of an acute UVB exposure on the skin. Biopsies from the irradiated
andd unirradiated skin areas were used to detect cell numbers and distribution, and cytokine
expressionn by in situ immunohistochemical stainings and PCR. These biopsies were also
usedd to generate dermal T cell cultures in order to determine intracellular cytokine expression
inn these cells upon stimulation. Secondly, skin of psoriasis patients was repeatedly treated
withh low (suberythemal) dose NB-UVB (conventional therapy) in order to monitor effects
onn the cytokine expression in the psoriatic skin by above mentioned techniques and /or
ELISA.. In situ effects of therapy with cyclosporine A and methotrexate on T cell numbers
andd IFN-y and IL-4 expression were investigated by using immunostaining methods as
well.. Because the cytokine milieu in the skin can modulate immune response mounted by
thee local immunocompetent cells, we speculated that changes of cytokine expression in
thee skin could be one of the therapeutical mechanisms of these therapies.

Effectss of a local exposure to a single high dose of BB-UVB radiation on the
cytokinee expression in normal and psoriatic skin: neutrophils in the game Few
yearss ago, it was demonstrated by di Nuzzo et al that a single high dose of BB-UVB exposure
off normal skin results in enhanced development of type 2 T cells in primary dermal cell
culturess as determined by intracellular cytokine staining \ In the studies which are described
inn chapter 2 of this thesis, we wanted to investigate whether a similar skewing would occur
inn psoriatic lesional skin after a single high dose of BB-UVB irradiation despite the presence
off an ongoing inflammatory process. Indeed, as observed by different techniques, the high
expressionn of type 1 cytokine IFN-y decreased and the expression of type 2 cytokine IL-4
increasedd in psoriatic lesional skin after the irradiation. Two days after the exposure, we
observedd an increased number of T cells in the dermis of the irradiated lesional skin. This
changee could be explained by the influx of T cells into the dermal skin area after the BB-UVB
exposure,, as was earlier described to occur in normal skin 2. These T cells could represent a

neww population with distinct properties (e.g. cytokine expression) as compared to lesional T
cellss in psoriatic skin.
Interestingly,, the irradiated spot, but not the surrounding area of the same plaque markedly
healedd after this single exposure. A single high dose of BB-UVB causes an inflammatory
responsee itself and thereby a rapid change in the micromilieu (cells and cytokines), which
enabledd apparently a relatively fast clinical response as compared to the conventional
therapyy with repetitive (three times per week for 6 to 10 weeks) low doses of NB-UVB
radiation.. However, the use of high doses of UVB irradiation is ethically unacceptable as
therapyy for psoriasis patients because of the acute (i.e. erythema and formation of bullae)
andd chronic side effects (i.e. possible skin cancer induction). Especially the lower wavelengths
inn the BB-UVB spectrum are responsible for these adverse effects. Because NB-UVB radiation
lackss these lower wavelengths, though is still effective, it would be worth to investigate the
usee of a local single high dose of NB-UVB radiation to treat psoriasis. This idea is supported
byy the recent application of excimer laser-derived 308 nm UVB therapy of psoriasis vulgaris
lesionss which is applied in higher doses with fewer exposures3. The reported advantages of
thiss therapy modality are less cumulative doses as compared to the conventional
phototherapyy with UVB radiation and the local application which spares the nonlesional
skinn from unnecessary UVB exposure. It was reported that excimer laser-derived 308 nm
UVBB therapy causes significant depletion of T cells from epidermis and dermis showing
thatt the effect of high doses of this small spectrum radiation in the dermis can be more
pronouncedd than the conventional UVB therapy4. The quick clinical response of psoriatic
lesionss we observed after a single high dose of BB-UVB irradiation could be a result of
similarr mechanisms that are operational in the excimer laser treatment. To our knowledge,
theree are no reports in the literature concerning the effects of local high dose UVB therapy
onn the clinical and immunological features of psoriatic lesions. It would be interesting to
investigatee whether excimer laser-derived 308 nm UVB therapy induces comparable
changess in the cytokine expression in psoriatic lesional skin as we have seen after the high
dosee BB-UVB exposure.
Dermall T cells from UVB-exposed skin, but not from unirradiated skin, show a type 2 cytokine
skewingg when they are cultured in the presence of the dermal microenv iron ment1. However,
immunohistochemicall double staining revealed that only 2 % of T cells in situ were positive
forr IL-4 two days after the UVB exposure. It appeared that the majority of the UVB-induced
IL-4+cellss did not display the common T cell marker CD3. This finding prompted us to
searchh for the identity of these IL-4+cells and possible local factors which could be

responsiblee for this skewing in the UVB-exposed skin. In the studies described in chapter
4,, we found out that the IL-4 expressing cells coexpressed CD15 and CD11b, but not
CD3,, tryptase, CD56 and CD36, indicating that these cells were neutrophils. When the
CD15++ cells were depleted from the dermal cell suspension just before the start of the
primaryy dermal cell culture, dermal T cells did not show type 2 cytokine skewing. For one
decadee it is known that the CD11 b+HLA-DR+ so-called "UV-macrophages", which invade
thee skin after UVB exposure, can produce huge amounts of IL-10 and are regarded as the
majorr cells changing the cytokine milieu in the irradiated skin 56 . Our results showed that
neutrophilss may also have a high impact on the local changes contributing to the
immunosuppressionn in the UVB-radiated skin. To investigate whether these IL-4 expressing
neutrophilss could also be found in the UVB-exposed psoriatic skin, we performed
immunohistochemica]] stainings on the psoriatic lesional skin and showed that also in this
casee CD15+CD11 b+ cells were responsible for IL-4 expression (chapter 5). As neutrophils
andd macrophages both infiltrate high dose BB-UVB-exposed skin and both express CD11 b,
wee wondered whether neutrophils could contribute to the UVB-induced IL-10 expression,
originallyy ascribed solely to the UV-macrophages. In chapter 6, we clearly demonstrated
thatt neutrophils in the UVB-irradiated skin also express IL-10. Remarkably, they could
expresss HLA-DR as well indicating that they form part of the HLA-DR+CD11b+ cell
populationn in the UVB-irradiated skin which is generally believed to represent the UVmacrophages.. Thus, the publications concerning the "HLA-DR+CD11 b+ UV-macrophages"
shouldd be cautiously interpreted under the light of our present results. From our studies in
chapterr 4, 5 and 6 it can be speculated that the quick clinical response that we observed
inn the local lesional areas treated with a single high dose of UVB could be caused, amongst
others,, by the IL-4 and IL-10 expression in infiltrating neutrophils. In line with the results
fromm our studies described in chapters 4, 5 and 6 it was very recently reported by other
investigatorss that neutrophils could express IL-4 and IL-10 after exposure to a comparable
highh dose of UVB radiation

7B

. It was also demonstrated that the skin of patients with

polymorphouss light eruption displays a decreased expression of these cytokines after the
UVBB exposure7. As skin lesions in these patients are formed after the exposure to the UVB
radiation,, it was speculated by these investigators that the formation of these lesions can
bee a result of disturbed type 2 cytokine skewing. These findings support our belief that the
typee 2 cytokine skewing is an important mechanism of the immune modulation after acute
highh dose UVB exposure (Figure 1).
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Figuree 1. Single high dose UVB-exposure
alterss type 1 / type 2 cytokine balance in
normall and psoriatic skin. Until now, models
explainingg the shifted immune response and
cytokinee expression in the UVB-irradiated
skinn were focused on so called " U V macrophages",, invading the skin after UVB
exposuree and having high IL-10 expression,
andd on Langerhans cells that have a reduced
capacityy to produce 1L-12. The UVB induced
modulationn of these cells causes shifting to a
typee 2 immune response in the skin. Our
resultss (chapters 4, 5 and 6) showed that
neutrophilss w h i c h infiltrate the UVBirradiatedd skin can express IL-4 and IL-10 and
mayy also contribute to the skewing towards
typee 2 immune response in irradiated skin
(chapterr 2).

Effectss of NB-UVB therapy on cytokine expression in psoriatic skin The UVB
therapyy of psoriasis consists of a whole body application of repetitive low doses of NBUVBB radiation. It is tempting to assume that this sort of irradiation of the skin has different
immunologicc consequences than a single high dose UVB exposure. To investigate whether
thee type 1/type 2 T cell dichotomy in the psoriatic lesional skin is affected by NB-UVB
therapy,, we included patients treated with NB-UVB radiation in our study described in
chapterr 3. In this study, we demonstrated by intracellular cytokine staining that dermal T
cellss remaining in the lesional skin after the completion of the NB-UVB therapy have a
diminishedd capacity to express IFN-y, while the expression of IL-4 increases in some
individuals.. Similarly, in the supernatants of these T cells, we found a decreased expression
off IFN-y with an increased expression of IL-4, IL-10 and TGF-0. The increase in the expression
off IL-4 was not as striking as in the acute high-dose UVB-irradiated lesional skin. It is
knownn that epidermal T cells are depleted in lesional psoriatic skin after the therapy with
NB-UVBB which could explain the clinical response of psoriatic lesions to this therapy 9 .
However,, many T cells in the dermis survive the NB-UVB treatment. Because of the
importancee of high IFN-y expression by lesional T cells in the pathogenesis of psoriasis, it
iss tempting to assume that reduction of IFN-y expression in the dermal T cells could be an
importantt factor in the clinical improvement after NB-UVB therapy. Other systemic therapies
suchh as cyclosporine A and methotrexate also caused a reduction in the number of cutaneous
TT cells, but a consistent change in the IFN-y and IL-4 expression was however not observed
(chapterr 9). Although there are no prospective studies comparing the clearance and the
durationn of the remission induced by UVB therapy and other systemic therapies, it is

generallyy believed that the UVB therapy results in a higher rate of disease clearance and
longerr remission period of the disease than other classical systemic therapies. It might be
hypothesizedd that the decreased IFN-y expression by the dermal T cells remaining in UVBtreatedd lesions could explain the differences in the clinical response to the UVB therapy
andd above mentioned systemic therapies.
Becausee we found that clinical improvement of psoriatic lesions after NB-UVB therapy
wass associated with down regulation of IFN-y we investigated factors which can operate
inn this downregulation. There are several cytokines that promote the development and
maintenancee of a type 1 phenotype of T cells as explained in the Introduction of this thesis.
Itt was already known that keratinocytes can express the p35 subunit of 1L-12 and the
commonn p40 subunit of IL-12 and IL-23. In chapter 7, we proved at mRNA and protein
levell that keratinocytes are able to express the p19 subunit of IL-23 as well. The IL-23
heterodimerr was found in the cell lysates and supernatants of keratinocytes by immune
blott analysis and ELISA. We also could detect IL-23 in Langerhans cells and dermal dendritic
cells.. Recently, the expression of IL-23 was described in dermal dendritic cells in psoriatic
lesionall skin at mRNA level

10

, confirming our observation. After having defined the

expressionn of IL-23 in human skin, we determined in chapter 8 the presence of this cytokine
andd other IFN-y-inducing cytokines in psoriatic lesional skin by immunohistochemical
stainingg and followed their fate after NB-UVB. IL-12, IL-18 and IL-23 which were highly
expressedd in the lesional skin, showed a significant decrease after therapy with NB-UVB,
nicelyy along with a reduction of IFN-y expression. The expression of IL-15 showed a less
dramaticc change with a greater interindividual variability. Unfortunately, we were not
ablee to study the expression of cytokines 1L-21 and IL-27 (both contributing to the formation
off type 1 phenotype of T cells 1 ' 12 ), because of the unavailability of antibodies against
thesee cytokines. Although our study showed a clear association between reduced expression n
off IFN-y-inducing cytokines and a decrease of IFN-y in the psoriatic lesional skin after NBUVBB therapy, it is still not possible to pinpoint how this reduction of IFN-y-inducing cytokines
takess place. There may be a couple of possibilities: /, cells are directly affected by UVB
radiationn and express less cytokines; /'/', a diminished number of inflammatory cells after
thee UVB radiation automatically results in a decreased expression of these cytokines, Hi,
UVB-inducedd changes of the microenvironment in the irradiated skin eventually affect the
cellscells producing IFN-y-inducing cytokines (indirect UVB effects). Of course, all these
possibilitiess could be operational at the same time. Because the expression of IL-12 / IL-23
p40,, IL-23 p i 9 and IL-18 in keratinocytes in situ shows a diffuse pattern, the decrease of

thee cytokine expression by keratinocytes may be related to the reduction of the epidermal
thicknesss after successful treatment of psoriasis. Although this relationship exists, we also
observedd a clear reduction of the staining intensity, indicating that UVB exposure caused a
reductionn of the expression of these cytokines in the epidermis that is independent of the
numberr of cells (Figure 2). Our results give further support to the view that keratinocytes can
contributee to the local type 1 /type 2 cytokine balance by means of their cytokine expression.
UVB B
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Figuree 2. NB-UVB therapy reduces type 1 cutokine expression in psoriatic skin. It has been demonstrated that
thee majority of the epidermal T ceils dies shortly after the beginning of the UVB therapy of psoriatic lesions.
Ourr studies (chapter 3) showed that dermal T cells remaining in the lesional skin after the NB-UVB therapy
havee a diminished capacity to express IFN-y as compared to T cells from the untreated skin lesions. This
couldd be explained by a decreased expression of inducers of IFN-g such as IL-12, IL-18 and IL-23 as we
demonstratedd in the studies involved in chapter 8.

Effectss of cyclosporine A and methotrexate therapy on T cell number and
cytokine-profilee in psoriatic skin The study described in chapter 9, shows that the
twoo most commonly used systemic therapies of psoriasis, cyclosporine A and methotrexate,
decreasee the number of T cells in the lesional skin of psoriasis patients. The reduction of
thee number of T cells after cyclosporine A therapy is likely attributed to its very well
knownn T cell suppressor action. It is difficult to judge whether the decreased number of T
cellss after methotrexate therapy is due to a direct or indirect effect of this drug on cutaneous
TT cells. In vitro studies revealed that methotrexate can cause apoptosis of proliferating T
cellss when it is used in comparable doses as used in the clinics 13. On the other hand, it
wass also demonstrated that methotrexate can reduce the expression and activity of cytokines
suchh as IL-1 and TNF H15 . The decreased expression of these cytokines can have various
effectss such as a decreased activation and migration of dendritic cells and decreased stimulation

off keratinocytes. This can result in the dampening of the local inflammatory response leading
too a reduction of activation and recruitment of T cells to this cutaneous site.
Wee did not see a clear effect of either cyclosporine A or methotrexate therapy on the
expressionn of IFN-y and IL-4 in the psoriatic skin. As it is described in the Introduction of
thiss thesis, studies on the type 1 / type 2 cytokine balance in other diseases did also not
providee a clear picture of the possible changes in this balance after cyclosporine A and
methotrexatee therapy. W e determined a decreased expression of IFN-y in 3 out of 5 patients
inn each of the cyclosporine A and methotrexate groups. The expression of IL-4 was decreased
inn 2 and 1 patients of the cyclosporine A and methotrexate patient groups, respectively.
Changess in the cytokine expression after therapy did not show a clear association with T
celll numbers or the clinical response. These results give the impression that these therapies
didd not cause a prominent change in the expression of these cytokines in situ. However, it
mustt be noted that we only had a limited number of patients in this study and therefore it
iss not possible to draw any firm conclusion. Individual variations in the immunological
responsee could be an important reason for the differences in the expression of these cytokines
afterr the therapy with cyclosporine A and methotrexate.

C o n c l u d i n gg remarks Our studies presented in this thesis point out the importance of the
finee balance of the cytokine expression in the skin immune system. Overexpression of type
11 cytokines is associated with the formation and maintenance of psoriatic lesions and
reversall of this expression is related to successful therapy. W e showed in both normal and
psoriaticc skin that either a switch from type 1 to type 2 immune response (after exposure to
highh dose BB-UVB) or just dampening of the type 1 immune response (after NB-UVB
therapy)) can participate in the therapeutical mechanisms of treatment with UVB radiation.
Thiss change in cytokine profile may probably occur in other antipsoriatic therapies as
well.. We believe that the reduction of type 1 cytokines is not simply due to the reduction
off relevant cell numbers, but also, to a great extent, to a diminished ability of the resident
andd infiltrating cells to produce these cytokines. Our studies indicate that neutrophils can
affectt the type 1/type 2 cytokine balance in dermal T cells probably by the expression of
IL-44 and IL-10. This latter statement is speculative and should be proven in future. Every
step,, which leads to the determination of factors involved in the pathogenesis of psoriasis
andd its healing process upon therapy, helps us to have a clearer idea about this disease. This
thesiss adds another piece to the giant psoriasis puzzle, but at the same time created new
questionss to be answered. To mention some: /, Which effect on inflammatory cells in the

psoriaticc lesional skin after treatment with NB-UVB radiation has most impact on the success
off this therapy? Is it just a matter of apoptosis or are the UVB-induced phenotypic changes of
cutaneouss cells more relevant? //, It seems likely that keratinocytes are involved in the
cutaneouss immune response, but how much is the contribution of these cells to chronic
characterr of the inflammatory skin disease psoriasis? Hi, What is the impact of UVB-induced
changess in cytokine expression on the differentiation and proliferation of keratinocytes? Do
thesee cytokines determine the proliferation inhibition of keratinocytes or is the direct
antiproliferativee effect of the UVB radiation more important? iv, Do the different antipsoriatic
therapiess cause different effects on the (type 1 / type 2) cytokine expression pattern in the
diseasedd skin, and can these differences explain the temporary or sustained therapeutical effect?
Answerss to all these questions may lead to the detection of (a) particular cytokine(s) that
play(s)) a crucial role in the development and perpetuation of psoriatic lesions. This kind of
researchh may ultimately provide a clue for the development of less harmful therapies to
treatt psoriasis.
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Nederlandsee samenvatting
Psoriasiss vulgaris is een chronische huidziekte met een nog onbekende etiopathogenese.
Psoriasiss manifesteert zich bij de meest voorkomende type als scherp omschreven
erythemateuzee plekken met zilverkleurige schilfering, met name chronisch plaque-type
psoriasis.. Histologisch worden deze plekken gekenmerkt door grote ontstekingsinfiltraten
diee voornamelijk bestaan uit geactiveerde memory T cellen. Deze cellen kunnen grofweg
onderverdeeldd worden in type 1 en type 2 cellen op basis van hun cytokine-expressie.
Typee 1 T cellen produceren interferon (IFN)-y en spelen een belangrijke rol in vertraagde
overgevoeligheidsreactiess en in de strijd tegen de intracellulaire micro-organismen. Type
22 T cellen brengen interleukine (IL)-4 tot expressie en zijn belangrijk voor de antilichaam-productiee en het uitschakelen van extracellulaire micro-organismen. In een gezond
organismee is de balans tussen deze twee typen T cellen van cruciaal belang. Uit verschillende
studiess is gebleken dat in de laesies van psoriasispatiënten er een overmaat is van type 1 Tcellenn en dat een te hoge expressie van type 1 cytokine IFN-y een belangrijke rol speelt in
hett ontstaan van de laesies.
Dee immuunrespons door lokale immunocompetente cellen in de huid blijkt bij psoriasispatiëntenn ontregeld te zijn en de cytokine-expressie is uit balans door een te sterk
ontwikkeldee type 1 respons. Het doel van de studies die in dit proefschrift worden
beschrevenn was het vaststellen of de therapeutische werking van immunosuppressieve
behandelingenn van psoriasis mogelijk verklaard kunnen worden door modulatie van

cytokine-expressie,cytokine-expressie, met name het verminderen van de IFN-y expressie. Het onderzoe
heeftt zich in hoofdzaak gericht op het effect van behandeling met ultraviolet-B (UVB)straling,, met uitzondering van een studie waarin psoriasispatiënten werden behandeld
mett cyclosporine A of methotrexate. Wat betreft de UVB-studies werden er twee
verschillendee bestralingsprotocollen gebruikt. In de eerste serie experimenten werd de
huidd van psoriasispatiënten en van gezonde vrijwilligers eenmalig lokaal bestraald met
eenn hoge dosis (4x de erythemale dosis) breedband-UVB (B B-U VB). Voorafgaand en na
dezee bestraling werden huidbiopten afgenomen voor de bepaling van de cytokine-expressie
inn het cellulaire infiltraat in situ en in dermale T celkweken met behulp van
immunohistochemischee kleuringen, PCR-techniek en flow-cytofluorometrische analyse.
Inn de tweede serie studies ondergingen psoriasispatiënten reguliere UVB-therapie en werden
33 maal per week gedurende 9-11 weken behandeld met een lage, suberythemale dosis
smalband-UVBB (NB-UVB). De huidbiopten van deze patiënten werden gebruikt voor
vergelijkbaree bepalingen zoals hierboven vermeld.

Effectenn van lokale blootstelling aan een eenmalige hoge dosis van BB-UVB op de expressie
vann cytokinen in normale en psoriatische huid: rol van neutrofielen
Eerderee studies hebben aangetoond dat blootstelling van normale huid aan een eenmalige
hogee dosis van BB-UVB een infiltraat van T cellen veroorzaakt, waarbij er sprake is van
eenn verhoogde respons van type 2 T cellen en tegelijkertijd een verlaagde respons van
typee 1 T cellen. In de studie die wordt beschreven in hoofdstuk 2 wilden wij onderzoeken
off een soortgelijke verandering ook plaatsvindt in psoriatische laesies na eenzelfde
eenmaligee hoge dosis bestraling. Met verschillende technieken konden wij in situ en in
vitroo vaststellen dat, net als in normale huid, T cellen uitdepsoriasislaesieookeen verlaagde
expressiee van type 1 cytokine IFN-y en een verhoogde expressie van type 2 cytokine IL-4
vertoondenn na de eenmalige bestraling met BB-UVB. Een interessante observatie in deze
studiee was dat het plekje van de laesie dat werd blootgesteld aan een eenmalige hoge
dosiss BB-UVB een klinische verbetering vertoonde, terwijl het omringende lesionale gebied
ontstokenn bleef. In tegenstelling tot de conventionele behandeling van psoriasis
(herhaaldelijkee blootstelling aan lage dosis NB-UVB gedurende een aantal weken) kan
eenn eenmalige hoge dosis UVB-straling blijkbaar zodanige veranderingen in het micromilieu
veroorzakenn dat een relatief snelle klinische respons het gevolg is.
Dermaiee T-cellen uit BB-UVB-bestraalde normale huid, maar niet uit onbestraalde huid,
haddenn een type 2 fenotype indien ze ongezuiverd in kweek werden gebracht, dus in
aanwezigheidd van alle verschillende dermaie celtypen die ook aanwezig waren in het
oorspronkelijkee biopt. Wanneer dermaie T cellen uit bestraalde huid werden gekweekt in
afwezigheidd van de andere dermaie celtypen, dan trad de ontwikkeling van het type 2
fenotypee niet op. Blijkbaar speelt het dermaie micromilieu een belangrijke rol bij de
totstandkomingg van het type 2 phenotype. Immunohistochemische kleuringen van
huidcoupess van bestraalde huid lieten zien dat er veel IL-4 positieve cellen in de dermis
enn epidermis geïnfiltreerd waren, maar dat slechts 2% van de T cellen in de UVB-bestraalde
huidd in situ positief waren voor IL-4. De meeste cellen die IL-4 in situ tot expressie brachten
warenn negatief voor T celmarker CD3. Deze bevinding was aanleiding om de BB-UVBgeïnduceerdee lL-4-positieve cellen in de bestraalde huid te identificeren. In de studie
beschrevenn in hoofdstuk 4 hebben wij aangetoond dat deze cellen beschikten over een
meervoudigg gelobde kern en de moleculen CD15, CD11 b en elastase tot expressie brachten,
maarr niet CD3 (T cel), tryptase (mest cel), CD56 (NK cel) and CD36 (macrofaag). Op
grondd van deze eigenschappen konden we concluderen dat de BB-UVB-geïnduceerde IL4-positievee celpopulatie gevormd werd door neutrofiele granulocyten. Als deze CD15

positievee neutrofielen selectief verwijderd werden uit de dermale celsuspensie voorafgaand
aann de start van de primaire celkweek, dan vertoonden de dermale T cellen geen verhoging
vann IL-4 expressie. In hoofdstuk 6 beschrijven we dat de neutrofiele granulocyten in de
UVB-bestraaldee huid tevens expressie vertoonden van het cytokine IL-10, waarvan bekend
iss dat het immunosuppressie induceert. Tot dusverre werden macrofagen die de UVBbestraaldee huid binnentreden, gezien als een van de meest belangrijkste cellen die aanleiding
gevenn tot de UVB-gemedieerde immunosuppressie omdat ze grotere hoeveelheden IL-10
kunnenn produceren. Onze resultaten laten zien dat neutrofiele granulocyten ook een
belangrijkee rol kunnen spelen bij de lokale onderdrukking van de immuunrespons. In
hoofdstukk 5 tonen we aan dat ook in de psoriasislaesies er infiltratie plaats vindt van IL-4positievee neutrofiele granulocyten na een eenmalige bestraling met een hoge dosis BB-UVB.
Effectenn van de behandeling met NB-UVB op de expressie van cytokinen in psoriatische
huidd Bij de behandeling van psoriasis met UVB wordt het gehele lichaam herhaaldelijk
(3xx per week) blootgesteld aan een lage dosis NB-UVB gedurende een lange periode. Om
tete kunnen onderzoeken of de balans van type 1 versus type 2 cytokinen door deze
behandelingg wordt veranderd hebben wij huidbiopten afgenomen van psoriasispatiënten
voorafgaand,, tijdens en na de behandeling met NB-UVB (hoofdstuk 3). Met behulp van
verschillendee technieken hebben wij in deze studie aangetoond dat dermale T cellen die
niett doodgaan door de UVB-blootstelling een verminderde capaciteit voor IFN-y expressie
hadden,, terwijl de expressie van IL-4, IL-10 en TGF-p werd verhoogd bij sommige patiënten.
Dezee bevinding laat zien dat de UVB-geïnduceerde veranderingen van de cytokineexpressiee door T cellen in de psoriasislaesie ten dele verantwoordelijk gehouden kunnen
wordenn voor het therapeutische effect van NB-UVB therapie.
Omdatt wij een samenhang vonden tussen de verbetering van de psoriasislaesies na NBUVBB therapie en een verminderde capaciteit van T cellen om IFN-y te produceren, wilden
wijj onderzoeken of eventuele lokale veranderingen van IFN-y-inducerende factoren een
roll spelen in deze vermindering. Er zijn een aantal van dergelijke cytokinen beschreven
diee de ontwikkeling en instandhouding van type 1 T-cellen controleren. Bekend is dat één
vann deze cytokinen, de IL-12 heterodimeer, welke opgebouwd is uit p35 en p40 subunits,
tott expressie wordt gebracht door keratinocyten en dat er in psoriasishuid sprake is van
eenn verhoogde expressie. Recentelijk is er een nieuwe IFN-y-inducerende heterodimeer
ontdektt die opgebouwd is uit een unieke p19 subunit plus een p40 subunit, dezelfde als in
IL-12.. In hoofdstuk 7 hebben wij op RNA en eiwit niveau aangetoond dat keratinocyten

inn staat zijn om de p19 en p40 subunits produceren en de IL-23 heterodimeer te vormen.
Ditt cytokine hebben wij ook gedetecteerd in Langerhans cellen en dermale dendritische
cellen.. IL-23 is voornamelijk belangrijk voor de inductie van IFN-y expressie in memory T
cellen.. Na het definiëren van de IL-23 expressie in de huid hebben wij in hoofdstuk 8 de
aanwezigheidd van dit cytokine, en aantal andere IFN-y-inducerende cytokinen, bepaalt in
dee psoriatische huid voor en na behandeling met NB-UVB. IL-12, IL-18 en IL-23 kwamen
inn hoge mate tot expressie in de psoriasishuid en na de behandeling vertoonden deze
cytokinenn een significante afname, welke geassocieerd was met de vermindering van de
IFN-yy expressie. Door de grote variabiliteit in de individuele expressie was de vermindering
vann IL-15 na de behandeling minder duidelijk dan de afname van de andere IFN-yinducerendee cytokinen.

Effectenn van de behandeling met cyclosporine A en methotrexate op het aantal
TT cellen en de expressie van cytokinen in psoriatische huid In hoofdstuk 9
hebbenn wij aangetoond dat de twee meest gebruikte systemische behandelingen van psoriasis
vulgaris,, te weten cyclosporine A en methotrexate, het aantal T cellen in de psoriatische
huidd verminderden. Aan de andere kant konden wij geen duidelijk sturend effect van beide
behandelingenn op de expressie van IFN-y en IL-4 vinden. Deze resultaten geven de indruk
datt deze behandelingen geen prominente invloed hebben op de expressie van de
bovengenoemdee cytokinen. Echter, omdat in deze studie slechts een beperkt aantal patiënten
wass opgenomen kunnen geen harde conclusies worden getrokken uit deze resultaten.

Conclusies s
Dee studies die in dit proefschrift worden beschreven benadrukken het belang van een
goedd afgestelde balans van de cytokine-expressie tijdens een immuunrespons in de huid.
Inn een psoriasislaesie is er sprake van een te hoge expressie van type 1 cytokinen. Ons
onderzoekk laat zien dat de therapeutische werking van de UVB-straling bij psoriasis valt te
verklarenn door een UVB-geïnduceerde omschakeling van type 1 naar type 2 cytokineexpressiee (na eenmalige blootstelling aan hoge dosis BB-UVB-straling) of een demping
vann type 1 cytokine-expressie (na meervoudige behandeling met NB-UVB-straling) in de
bestraaldee huid. Tevens hebben wij aangetoond dat neutrofiele granulocyten, die de UVBbestraaldee huid infiltreren, IL-4 en IL-10 tot expressie brengen en hierdoor in staat zijn het
cytokine-profiell van dermale T cellen in de bestraalde huid te beïnvloeden.
Allee nieuwe gegevens over factoren die een rol spelen in de ontwikkeling van psoriasis of

inn het genezingsproces, helpen om een duidelijker beeld te kunnen formuleren over de
pathogenesee van deze ziekte. Dit proefschrift draagt een steentje bij aan de beeldvorming
overr de pathogenese van psoriasis, maar creëert tegelijkertijd ook nieuwe vragen zoals: /,
Welkk effect van UVB-straling heeft de meest prominente invloed op de genezing van de
laesies:: Apoptose of de fenotypische veranderingen van de cellen in de huid? //', In welke
matee worden keratinocyten betrokken bij het chronische karakter van psoriasis? //'/', Wat is
hett effect van de veranderingen van de cytokine-expressie in UVB-bestraalde psoriasishuid
opp de proliferatie en differentiatie van keratinocyten? iv, Hebben verschillende behandelingen
vann psoriasis verschillende effecten op de type 1 / type 2 cytokine-balans in de huid? Zoo ja,
kann uit deze verschillen afgeleid worden of het therapeutische effect van bepaalde
behandelingenn tijdelijk of langdurig zal zijn?
Antwoordenn op deze vragen zouden kunnen leiden tot de detectie van bepaalde cytokinen
diee een cruciale rol spelen bij de ontwikkeling en instandhouding van psoriasis. Het
ontdekkenn van dergelijke cytokinen zou kunnen leiden tot de ontwikkeling van een meer
doeltreffendee behandeling met weinig bijwerkingen.

Curriculumm vitae
Gamzee Piskin werd geboren op 1 april 1971 te Istanbul in Turkije. Ze groeide op in
Iskenderun,, een havenstad aan de zuidoost kust van Turkije waar zij haar pre-universitaire
opleidingg heeft gevolgd tot 1988. In datzelfde jaar heeft ze het centrale toelatingsexamen
voorr de universiteit behaald, waarna ze terechtkwam op de Medische Faculteit van de
Universiteitt van Hacettepe te Ankara. Haar interesse in dermatologie die al aanwezig was
doorr de invloed van haar vader als dermatoloog is gegroeid tijdens de laatste jaren van
haarr geneeskunde opleiding. In 1994 na het afleggen van het toelatingsexamen voor de
specialisatiee opleiding begon zij met de opleiding dermatologie aan de Universiteit van
Ankara.. In 1998 werd zij als dermatoloog benoemd. Meteen daarna kwam zij naar het
Academischh Medisch Centrum te Amsterdam waarin zij een klinische fellowship volgde
onderr leiding van Prof. Dr. J. D.Bos en dr. M. M. Meinardi over allergologie. In 1999 werd
zijj aangenomen als AIO voor een onderzoeksproject die tot dit proefschrift leidde. Haar
aanvraagg voor de registratie als arts in Nederland bij het ministerie van VWS werd inmiddels
gehonoreerd.. Na het voltooien van procedures rondom haar registratie als dermatoloog in
Nederlandd is zij van plan om door te gaan met haar academische carrière waarin zij haar
ervaringg in kliniek en laboratorium wil combineren.

Erdii H, Anadolu R, Piskin G. Malignant pyoderma: A clinical variant of pyodermaa gangrenosum. Int. J. Dermatol. 1996; 35: 811 -13.
Boyvatt A, Piskin G, Erdi H. Idiopathic unilateral localized hyperhydrosis.
ActaActa Derm. Venereol. 1999; 79: 404-5.
Teunissenn MBM, Piskin G, di Nuzzo S, Sylva-Steenland RMR, de Rie MA,
Boss JD. Ultraviolet B radiation induces a transient appearence of IL4+
neutrophils,, which support the development of Th2 responses. J. Immunol.
2002;; 168:3732-9.
Piskinn G, Heydendael VMR, de Rie MA, Bos JD, Teunissen MBM. Cyclosporin
AA and methotrexate are equally effective in reducing T cell numbers in psoriaticc skin lesions but have no consistent effect on IFN-g and IL-4 expression in
psoriaticc skin in situ. Arch. Dermatol. Res. 2003; 294: 559-562.
Piskinn G, Koomen CW, Picavet D, Bos JD, Teunissen MBM. Ultraviolet -B
irradiationn decreases IFN-g and increases IL-4 expression in psoriatic lesional
skinn in situ and in cultured dermal T cells derived from these lesions. Exp.
Dermatol.Dermatol. 2003; 12:172-180.
Piskinn G, Tursen U, Bos JD, Teunissen MBM. IL-4 expression by neutrophils
inn psoriasis lesional skin upon high dose UVB exposure. Dermatology 2003;
207:51-3. .
Piskinn G, Akyol A, Uzar H, Tulek N, Boyvat A, Gurgey E. Comparative evaluationn of Type 1 latex hypersensitivity in patients with chronic urticaria, rubberr factory workers and healthy control subjects. Contact Dermatitis 2003;
48:: 266-71.
Piskinn G, Sylva-Steenland RM, BosJD, Teunissen MB. T cells in psoriatic lesional
skinn that survive conventional therapy with NB-UVB radiation display reduced
IFN-gammaa expression. Arch. Dermatol. Res. 2004; 295: 509-16.
Piskinn G, Tursen U, Sylva-Steenland RMR, BosJD, Teunissen MBM. Clinical
improvementt in chronic plaque-type psoriasis lesions after narrow band-UVB
therapyy is accompanied by a decrease in the expression of interferon-g inducers,ducers, IL-12, IL-18 and IL-23. Exp. Dermatol, in press.

Publishedd abstracts:
Teunissenn MB, Di Nuzzo S, Piskin G, Sylva Steenland RM, de Rie MA, Bos
JD.. Ultraviolet-B radiation induces interleukin-4 expression in a CD11 b+CD15+
ceill subset in human skin. J. Invest Dermatol. 2000:115: 572.
Piskinn G, Bos JD, Teunissen MBM. Ultraviolet-B straling verlaagt de IFN-g en
verhoogtt de IL-4 productie in T cellen uit psoriasis laesies. Ned. Tijdschr.
Dermatol.Dermatol. Venereol. 2001; 11: 47-48.
Teunissenn MBM, di Nuzzo S, Piskin G, Sylva-Steenland RM, de Rie M, Bos
JD.. Ultraviolet-B-straling induceert interleukine-4-expressie in infiltrerende
CD11 lb+CD15+ neutrofiele granulocytes Ned. Tijdschr. Dermatol. Venereol.
2001;; 11:47.
1822

Piskin G, Rentenaar RJ, Heydendael VMR, van Diepen FNJ, Teunissen MBM,
dee Rie MA, ten Berge IJM. Systemische behandeling met cyclosporin A en
methotrexatee hebben geen invloed op de type 1/rype 2-cytokine balans van
psoriatischee patiënten. Ned. Tijdschr. Dermatol. Venereol. 2002; 12: 80.
Piskinn G, Bos JD and Teunissen MBM. Alterations in interferon-gamma (IFNg)) and interleukin-4 (IL-4) expression in psoriatic skin after narrow band ultraviolett B (NB-UVB) therapy, j. Invest. Dermatol. 2002; 119: 726.
Piskinn G, Sylva-Steenland RMR, BosJD, Teunissen MBM. Dermal T cell contributionn to the changes in interferon (IFN)-g and interleukin (IL)-4 expression
inn psoriatic skin after narrow band-ultraviolet B therapy: in vitro and in situ
findings.. Br. J. Dermatol. 2002; 147:1069
Piskinn G, Sylva-Steenland RMR, BosJD. Behandeling met smalspectrum-UVB
vermindertt expressie van IFN-g in dermale T-cellen in lesionale psoriatische
huid.. Ned. Tijdschr. Dermatol. Venereol .2003; 13: 67.
Piskinn G, Tursen U, Sylva-Steenland RMR, BosJD, Teunissen MBM. Reductie
vann interferon (IFN)-g- inducerende cytokinen, interleukine (IU-12, IL-18 en
(L-233 in laesionale psoriatische huid na therapie met UVB. Ned. Tijdschr.
Dermatol.Dermatol. Venereol.2004; 14: 58.
Piskinn G, Sylva -Steenland RMR, Bos JD, Teunissen M B M . Effect van
behandelingg met UVB op psoriasis. Ned. Tijdschr. Dennatol. Venereol. 2004;
14:200-201. .
Piskinn G, Westland R, Sylva-Steenland RM, Wierenga EA, Bos JD, Teunissen
MB.. Expression of IL-23 by keratinocytes in healthy skin and psoriasis lesions.
J.J. Invest. Dermatol. 2004; 23: A40.

Dankwoord d
Eenn waarschuwing voor mensen die denken dat een promotieonderzoek een eenzame
bezigheidd is: dit dankwoord is niet groot genoeg om iedereen te benoemen die mij heeft
geholpenn in de laatste 5 jaren.
Niett alleen omdat het gebruikelijk is maar ook omdat hij een echte wending gaf aan mijn
carrièree wil ik eerst mijn promotor. Prof. Bos, bedanken. Prof. Bos, U hebt mij 100%
gesteundd sinds ik naar Nederland kwam. Het is uniek van U als professor om mee te
denkenn aan alle problemen van een AIO, klein of groot, of het nu over de rol van
keratinocytenn in de huidontsteking gaat of het vinden van mooie mappen voor je
conceptproefschrift.. Als ik met U een werkbespreking had kwam ik altijd overdonderd
vann de nieuwe ideeën en motivatie Uw kamer uit. Ik kan me nog herinneren dat U mij
vroegg of ik een spion was van de grijze wolf beweging in Turkije. Ik verzeker U dat geen
spionn zoveel moeite zou doen voor wat informatie!
Ikk weet nog de tijd dat ik begon bij het lab dat door velen in de klinische wereld als een
ballingschapp wordt beschouwd. Geruchten dat de mensen die in het lab werkten raar en
hett werk saai zou zijn bleken algauw niet te kloppen (tenminste niet helemaal!). Mensen
diee van de medische wereld naar het lab komen worden ook met de nodige voorzichtigheid
bekeken.. Ik ben erg blij dat wij deze vooroordelen naast ons neer hebben gelegd (of niet?)
enn een heel leuke samenwerking gehad met mijn copromotor, Marcel. Beste Marcel; ik
hebb ontzettend veel van je geleerd. Ondanks onze verschillende manieren van werken en
onenighedenn over ''deadlines" en "time management" zijn je echte wetenschappelijke
blik,, handigheid, nauwkeurigheid en informele vriendelijke benadering heel belangrijk
geweestt voor mijn transformatie naar een onderzoekster. In tegenstelling tot de meeste
anderee senioronderzoekers was jij altijd bereid om mij technieken te leren en zelf
experimentenn te verrichten voor mijn onderzoek. In mijn ziens komt het door je liefde
voorr onderzoek en ik ben bang dat deze liefde zeer besmettelijk is.
Regien,, mijn paranymf, vriendin en de grootste steun bij het lab; ik zal nooit je bijdrage
aann mijn promotieonderzoek vergeten. In het begin van mijn onderzoek heb jij mij veel
geleerdd over kleuringen waardoor het aantal "halfblinde kleurdozen" werd verdubbeld in
onss lab.Terwijl jij parttime werkte kwam jij elke dag en in het weekend zonder te klagen
alss het nodig was voor mijn onderzoek. Ik ken geen andere die zo meedenkend en flexibel
kann zijn als jij. Ik maakte mij geen zorgen over onze cellen als ik wist dat jij er was. Onze
cocktailss vonden de keratinocyten lekkerder dan alle andere media. Onze NVED uitjes in
Lunterenn met alle meiden van het lab zal ik missen ondanks het slechte weer en ruzies die
wijj onderwegg met italiaanse truck-chaffeurs hadden. Ik beschouw mij als een heel gelukkige

AIOO omdat ik met jou mocht werken. Naast het werk zal ik je vriendschap, menselijkheid
enn hulp ook buiten de werkvloer altijd koesteren.
Daisy,, "kleurdoos # 3"; jij kwam als studente om stage te lopen bij ons in het lab. Na een
paarr jaar wist jij een onmisbare collega te worden voor ons allemaal door alle soorten van
problemenn op te lossen in het lab. Ik mocht je altijd (ook als jij op vakantie was) storen om
eenn of ander te vragen en ik verzeker je dat het een heel bijzonder privilege was! Onze
muziekgesprekkenn zal ik zeker missen. Ik dank je voor je enorme steun en hoop dat wij
nogg in contact blijven na mijn promotie.
Kriszta,, I was very happy when you came to our lab being from the same species of the
"foreignn female medical doctor with a dermatological background and academic interest
havingg an unspellable first name involving the letter Z". I think I'll always remember you
withh your unbelievable ability to learn techniques in detail, perform huge experiments and
yourr incredible computer knowledge. We had to go through many problems because of
ourr (now only mine after the latest expansion of the EU) non-EU passports and it was a
greatt relief that I was not the only one who had to worry about it. We surely know more
thann anybody else (including the immigration lawyers and the people working at the
Immigratiee en Naturalisatie Dienst) about the legal procedures! I am sure that you will
havee a wonderful thesis and become a great dermatologist as you always wish to be.
Köszönöm! !
Bestee Arthur, jij was een van de mensen die ik altijd met vragen mocht belasten. Jij hebt
mij,, een medicus met lang geleden uitgedoofde kennis van natuur- en scheikunde, veel
geholpenn om te werken met ultraviolettestraling en chemicaliën. Ook vond jij het nooit
ergg om mijn verschrikkelijke Nederlandse teksten te corrigeren (daarvoor ben ik ook aan
Regien,, Marcel, Daisy en Angelic veel dank beschuldigd). Jij bent onze echte ontdekker
mett je nieuwe stoffen waarover ik hier niets mag verklappen! Ik wens je veel succes met
dee spannende ontwikkeling fase van deze stoffen.
Bestee Angelic, onze lang verwachtte nieuwste collega en de enige echte Haarlemmer van
onzee kamer! In de laatste periode van mijn promotieonderzoek heb ik een heel plezierige
tijdd gehad met je. Ik wil je bedanken voor de extra gezelligheid die jij in onze kamer
bracht.. Het is ongelofelijk dat jij in het eerste halfjaar van je promotie zoveel bereikt met
jee Amerikaanse manier van non-stop werken. Ik denk dat jij een veel talent hebt voor
academischh werk en heel succesvol zal zijn met je promotieonderzoek.
Camm Sergio, I carried on the work that you described brilliantly in your wonderful thesis
whichh I still read when I need a useful overview about the UVB radiation and cutaneous T
cells.. You taught me a lot about the research in my first days in the lab, not only technical

aspects,, but also the political ones! I hope you're doing well in Italy.
Cockk en Susan; erg jammer dat jullie weggingen kort na mijn komst naar het lab. Jullie
warenn ontzettend gezellige collega's. Hartelijk dank voor jullie hulp.
Dearr Shafi, although I didn't have the chance to work with you, I would like to thank you
forr your friendly approach in the work place.
Mijnn dank gaat ook naar de collega's bij de poli-dermat. Beste Menno, ik wil jou danken
omdatt ik altijd gebruik mocht maken van je grote kennis over psoriasis onderzoek. Het
wass ook erg prettig om met jou, Vera, samen te werken aan de studie beschreven in
hoofdstukk 9. Amber, ik zal je hulp nooit vergeten tijdens mijn gehele onderzoekstraject.
Hett was altijd erg gezellig samen naar de congressen te gaan! Wij konden in alle
omstandighedenn ons studies presenteren, ook na een echte Engelse ontbijt! Ook alle andere
artsen,, arts-assistenten en trial-artsen, jullie worden ook bedankt voor jullie inzet aan mijn
onderzoekk en jullie steun. Ik ben de verpleegkundigen van de afdeling huidziekten bijzonder
dankbaar,, vooral Anette, voor de inclusie en follow-up van de patiënten. In jullie drukke
werkschemaa vonden jullie altijd tijd om mij te helpen voor mijn onderzoek. Beste Robert,
dee PC-tovenaar, jij bent de tweede persoon die ik leerde kennen in Nederland na Marcus
toenn ik net geland was op Schiphol uit Turkije. Later bleek dat jullie niet representatief
warenn voor de gemiddelde Nederlander (of gemiddelde mens). Robert, Marcus, Wil en
Martina;; de eerste moeilijke dagen in Nederland was ik erg blij dat jullie er voor mij
waren.. Mariska en Marja; hartelijk bedankt dat jullie altijd bereid waren om mij te helpen
mett mijn administratieve vragen.
Bestee Marianne, hartelijk dank dat jouw deur voor mij open stond in mijn eerste maanden
inn Nederland. Jij zou de echte oplossing zijn voor het inburgeringprobleem in dit land.
Queridaa Cristina, hoe kan ik je bedanken voor je hulp tijdens mijn promotieonderzoek en
voorr de lekkere Portugese wijnen (!)? Obrigada!
Bestee collega's van ons oude nest K2 (neurozintuigen) en ons nieuwe adres L3/M3
(celbiologie)) waarbij wij ons altijd erg prettig voel(d)en. Ik dank jullie allemaal voor jullie
hulpp met mijn experimenten.
Bestee mensen van de illustratie dienst, vooral Hans en Chris; jullie hebben mij enorm
geholpenn met mijn figuren. Zonder jouw professionele hulp zouden de figuren nooit zo
mooii worden. De sfeer bij jullie vond ik altijd zo leuk en vredig dat ik zelfs heb overwogen
nogg een opleiding te volgen en bij jullie te gaan werken!
Behalvee van mijn werkplek kwam ook hulp aan van een aantal mensen van de buitenwereld
diee helemaal niets wisten van wat ik deed in het lab. Alle allochtoontjes in Nederland van
Nederlandsee en niet-Nederlandse afkomst; jullie begrijpen mij altijd heel goed: Mijn Britse

superparanymphh (SPN) van Turks-Cypriotische afkomst, Hussein! Hoe multiculti kan het
nogg worden in Nederland? Jij bent echt een prachtig cadeau voor mij. Niemand kan de
QDD zo goed vieren als jij! Ik moest helemaal opnieuw beginnen met een sociaal leven in
Nederland.. Baris, Clare, Ebru, Ece, Eugene, Patrick (2x), Steve en Sujata: hartelijk dank
voorr onze bijzondere vriendschap. Rene, mijn eerste Nederlandse leraar en goede vriend,
watt ben ik blij om je te hebben leren kennen. Wij hadden een ontzettend gezellige tijd
samenn en ik hoop dat wij altijd contact zullen blijven houden.
Elda,, Lorenzo, Silvia, Salvatore and Carla, mille grazie for making me a member of your
family. .
Türkiye'dekii canim arkadaslarim; Aysegül, Ayse ve Tamer sizinle konustugum zaman sanki
birliktee calistigimiz günler hie bitmemis gibi geliyor. Bütün zorluklarina ragmen o günlere
dönmekk icin neler vermezdim! Ümit'cigim, sana bu tezdeki calismalara katkilarin icin
özell tesekkür!
Canimm abim, ailemizin gercek akademisyeni, Cigdem ve Nazli; sizlerin varligi bana
inanilmazz bir manevi giic veriyor. Ne olursa olsun arkamda oldugunuzu biliyorum.
Hadiye'cigim,, eger kizkardesim olsaydin bu kadar yakin olabilir miydik acaba? Seninle
baglarimizz asla kopamaz. Bizim kücük ama siki ailemizin diger fertlerinin hepsine cok
tesekkürler. .
Buu tezin ve simdiye kadar yaptigim herseyin gercek sahibi: Annem ve babam. Sizlerin
benimm icin ne ifade ettiginizi kimse anlayamaz. Annecigim, senin hie azalmayan sevgini
binlercee kilometre uzaklyk bile elimden alamaz. Babacigim, sonsuz destegin olmadan
(hemm özel hem profesyonel hayatta) ben ne yapardim? Kariyerinin basinda zor hayat sartlari
nedeniylee cok istemene ragmen yapamadigin akademik calismalari senin desteginle abim
vee ben gerceklestirdik. Sen benim tanidigim en iyi dermatolog ve daha önemlisi gercek bir
insansin. .
Giovanni,, mio ragazzo, you are a real angelo {with an Italian temperamento). You are the
onee who took me out of all the troublesome times and gave me strength all through it.
Iedereenn die op hun eigen manier mij heeft geholpen en hier niet wordt genoemd: Jullie
wordenn ook hartelijk bedankt. Ik zal het goedmaken!

C o l o u rr

f i g u r e s

187 7

C h a p t e rr
Beforee UVB exposure

c3c 3

144 days after UVB exposure

OO '

188 8

Figuree 1

Dayy 14

aa
Figuree 4

C h a p t e rr
Beforee therapy

Afterr therapy

''

JJ
,,
Figuree 3

189 9

Beforee therapy

Afterr therapy

""
//
Figuree 4

C h a p t e rr
••

con n

5 hh "

••

fv'A A

««

\\

tt

".100 h

.244 h '

• •
•• •
''
Figuree 1

••
.. •

••
' ' ; ..

--

" " " • ^ rr •

%;v

--"'•^.

*. .
''
••
••
••
**

- ••

•

••

faj j

CC

'T'' ^> "

KK

W1

*

*

VV
l
I' *

-

^

VV
dd

.•o o

<77

90 0

'- *
AA

Figuree 3

11

&&
**
**

Figuree 5

ii

ii

C h a p t e rr

Figuree 1

191 1

Figuree 2

C h a p t e rr
— ^ ——
' '—

_»»

•

• .

• •

• .

••

,,
Figuree 1

\~

, * pi*;

a ..

»

r*'' >T?

**

**

&

<< fcf<

**•

< ,, <<

11 •

>>

AA

/ **

Figuree 2

C h a p t e rr
Nonlesional l

Lesional l

Q_ _
r^4 4

OO

<**

Q_ _

:: :

CN N

M-'

••

>
iguree 4

-V:; ..

" M\'

'

•••••
•• #

•

'% V 5

Factorr Xllla

1L-233 p!9

bb

•v.. .

--

11
••

ii

guree 5

Epidermall cells
, aa

bb

* .

CC

VV

6
Dermall cells

.o.o , ee *a
**

**

te'te'77

i

ii

.. jp'

4;>>

::

^^

•

. ..
**

iguree 7

99

»

&

-

C h a p t e rr
Beforee therapy

33 weeks

Afterr therapy

aa

bb

CC

ii

zz
94 4

dd

oo

«

&

•

•

*

••

'' - -<<•

; * >

II

OO

ƒƒ

Q. .

O^ ^

CO O

mm
UU

^^^tg^^^tg , a:' I

«« i3S&M
Figuree 3

qq

vipw^
--- V J

Figuree 5

C h a p t e rr

** -

cc

dd

:, ,

'f f

JJ
Figuree 1

99 •

hh

Stellingenn behorende bij het proefschrift
"Effectss of therapies on cytokine patterns in psoriasis''
1--

Altering the type 1 / type 2 cytokine balance is a good therapeutic option in psoriasis. This thesis

2--

The studies on the therapeutic mechanisms of classical therapies of psoriasis are helpful to develop new
therapies.. This thesis

3--

As in most other fields, the results from UV exposure studies should be interpreted carefully as researchers
tendd to pick out or stumble upon results which supports or defies their prejudices.

4--

Neutrophils lost popularity after the recognition of the role of T cells in psoriasis, but the history is full of
comebacks.. This thesis

5--

The relation of cells and cytokines in the skin is much more complex than the relations in any given soap
opera.. This thesis

6--

The balance between type 1 vs. type 2 immune response does not only involve T cells and dendritic
cells,, but possibly amongst others, neutrophils and keratinocytes. This thesis

7--

Although the afferent lymph node is the main meeting room for immunocompetent cells, many important
decisionss are made locally in the skin. This thesis

8--

Although all researchers agree that psoriasis is a multifactorial disease, efforts to discover the "guiltiest"
factorr do not seem to cease.

9-10--

111 12-13--

14-15--

Wetenschap maakt niet gelukkig. J. D. Bos
One thing which seems not to improve in research is the material provided to hang posters at the
congresses. .
Microarrays did not make life easier.
Editors and reviewers do not comprehend their impact on the mental health of authors.
The intuitive mind is a sacred gift and the rational mind is a faithful servant We have created a society
thatt honours the servant and has forgotten the gift. A. Einstein
Set aside your paper for some weeks and read it. You may be amazed at what you wrote! V. Booth
Dr. F. Frankenstein: No. No. Be of good cheer. If science teaches us anything, it teaches us to accept our
failures,, as well as our successes, with quiet dignity and grace (starts beating up his malformed creature).
FromFrom a dialogue in the film, Young Frankenstein
Camzee Piskin, 29 oktober 2004
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