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1. INTRODUCTION 

Psoriasis is characterized by inflammation, with T cells and neutrophils infiltrating the dermis 

and epidermis, and excessive scaling related to epidermal hyperproliferation and aberrant 

keratinocyte differentiation. Genetic predisposition is indispensable but exogenous 

precipitating factors are also required to trigger the disease such as trauma, infections, drugs, 

stress, endocrine and metabolic factors. 

1.1 Cytokines and cellular immunity in psoriasis 

The inflammatory process in psoriasis was found to be associated with characteristic changes in 

the cutaneous cytokine profile (1). Interleukin-8 (EL-8) is a cytokine with proinflammatory and 

growth-promoting activities. IL-8 is chemotactic for neutrophils (2), T lymphocytes (3) and 

keratinocytes (4). It promotes keratinocyte proliferation (5) and induces human leukocyte 

antigen-DR (HLA-DR) expression in keratinocytes (6). The regulation for IL-8 (7,8) and its 

type I receptor (IL-8R) (9) is altered in psoriasis. The IL-8/IL8R system is involved in the 

accumulation of inflammatory cells in psoriatic lesions and in keratinocyte proliferation (10). 

Several antipsoriatic compounds inhibit the IL-8 binding to cultured keratinocytes (11-13) and 

affect the IL-8 gene and IL-8R expression (9,14). 

On the other hand, the antioncogene p53 is expressed at low levels in psoriatic plaques and can 

be significantly induced by the antipsoriatic drug tacrolimus (FK-506) (14). There is only 

limited knowledge about the role of antiinflammatory cytokines in psoriasis. Interleukin-10 (IL-

10) a negative modulator of inflammatory processes was firstly described as cytokine'synthesis 

inhibitory factor (CSEF) (15). Recent studies showed that subcutaneous injection of EL-10 has 
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clinical efficiency in psoriasis (16). The effects of IL-10 are mediated by specific receptors 

(IL-10R). We could earlier show the presence and functionality of the IL-10 receptor in human 

keratinocytes, its dramatic decreased expression in psoriatic epidermis (17) and the possibility 

of raising IL-10 receptor levels by the treatment of epidermal cells with antipsoriatic 

compounds such as vitamin D3, calcipotriol (18) and steroids (17). 

Several direct and indirect evidences suggest that T cells play a crucial role in the pathogenesis 

of the disease (19-25). Involved T cells accumulate in clusters of mainly CD4+ T cells in 

lesional dermis, from where fewer, mostly CD8+ T cells exocytose into the epidermis. About a 

third of these T cells express activation markers which suggest an active participation in the 

inflammatory process. Functional analyses of T cells isolated from psoriatic infiltrates revealed 

that subpopulations of these cells were capable of stimulating keratinocyte proliferation by the 

secretion of mediators (26). The intraepidermal acivated effector T cytotoxic lymphocytes in 

psoriatic patients produce effector cytokines such as interferon-y (IFN-y) and tumor necrosis 

factor-a (TNF-a). Increased number of memory T cells have been found in lesional skin and in 

the synovial tissue of patients with psoriatic arthritis. A type 1 differentiation bias was also 

observed in circulating blood T cells of psoriatic patients (27). 

1.2 Ethanol in the pathogenesis of psoriasis 

Genetic predisposition is fundamental but exogenous inducing factors are required to 

precipitate psoriasis (28). It is a well known fact that increased alcohol consumption leads to an 

exacerbation or treatment unresponsiveness in psoriasis (29-35). The mechanism by which 

alcohol affects psoriasis is still elusive. 

Some studies indicate that alcohol alters the immune system. It is known that alcoholics are 

more susceptible to various infections (36). Because streptococcal infections are trigger factors 
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for psoriasis this increased susceptibility may be involved in the onset and progress of the 

disease. Ockenfels et al. developed a co-culture model with psoriatic keratinocytes and a T-

lymphoma cell line (HUT-78). It was found that interleukin-6 (IL-6), transforming-growth-

factor-a (TGF-a) and interferon-y (IFN-y) levels were elevated in the ethanol-treated psoriatic 

co-culture system indicating an enhanced Th-1 type response in the presence of ethanol (37). 

Numerous studies indicate that acetone exceeds its normal endogenous level in the blood of 

heavy drinkers (38-41). So far there were no reports about the possible effects of acetone on 

psoriasis. 

The epidermal hyperplasia in psoriasis is characterized by an increased percentage of normally 

quiescent basal keratinocytes in the proliferative phases of cell cycle (42). Progression to the 

cell cycle is regulated by cyclin dependent kinases, which are activated by specifically binding 

to cyclins (43,44). Keratinocytes express cyclin D1 when they traverse from GO into cell cycle 

prior to G1 (45). Cyclin D1 is associated with epithelial hyperproliferation (46) and is 

overexpressed in psoriasis (47,48). Furthermore there is increasing evidence of the therapeutic 

role of cyclin inhibitors in psoriasis (49,50). 

In addition to cell cycle regulation molecules soluble mitogens such as growth factors and their 

receptors regulate cell growth. 

Keratinocyte growth factor (KGF), a fibroblast-derived member of the fibroblast growth factor 

(FGF) family acts on epithelial cells (51). It has a potent mitogenic activity on human 

keratinocytes and is involved in the control of epithelial proliferation and differentiation (52). 

KGF binds to the tyrosine kinase KGF receptor (KGFR) which is a splicing transcript variant 

of the fibroblast growth factor receptor 2 (FGFR2) (53,54). An increased KGF and KGFR 

expression, associated with lesional psoriatic tissue might play a role in epidermal 

hyperproliferation in this disease (55). 

Insoluble extracellular molecules play an important role in the regulating the growth of 
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ancorage-dependent cells (56-58). 

Integrins are a large family of cellular surface molecules interacting with the extracellular 

matrix. Keratinocyte integrins are important epidermal regulatory molecules, they are involved 

in adhesion, migration, growth and differentation (59). Fibronectin regulates keratinocyte 

growth through the fibronectin receptor (a5pi). Alterations in expression, topography and 

function of integrin receptors have been reported in lesional and also in nonlesional psoriatic 

keratinocytes (60,61). Nonlesional psoriatic skin expresses higher a5 integrin levels relative to 

normal keratinocytes, which may lead to the hyperresponsiveness of psoriatic keratinocytes to 

proliferation signals provided by lymphokines produced by intralesional T lymphocytes (62). 

1.3 Dithranol in the treatment of psoriasis 

A spectrum of treatments is available for psoriatic patients. The manifestation of psoriasis, the 

extent of the lesions are important factors which denominate the selection of treatment. The 

most important topical treatments are dithranol, calcipotriol, tar and corticosteroids. Additional 

therapeutical options are phototherapy with UVB, photochemotherapy with 8-methoxypsoralen 

(PUVA), methotrexate, cyclosporin and acitretin (63). Dithranol has been used as an 

antipsoriatic drug for 85 years and is highly effective in the treatment of the disease, however 

its mode of action is still not well known (64). Dithranol inhibits polymorphonuclear leukocyte 

(PMN) function (65) and modulates the arachidinoc acid metabolism (66,67). It has a direct 

inhibitory effect on keratinocyte proliferation (68). It is also capable of modulating cell surface 

receptors of epidermal cells (69,70). In clinical practice, treatment with dithranol is started at 

low concentrations in order to prevent severe perilesional inflammation. The concentration of 

the drug is then slowly increased every 2-3 days until mild perilesional irritancy is observed, 

suggesting that the therapeutically effective concentration has been reached. However, after an 
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"optimal" concentration has been found, repeated treatment with the same concentration results 

within several days in a decline of both the antipsoriatic and the irritative effect. With a view to 

the further improvement of the condition, therefore, the concentration of dithranol should again 

be increased. This "adaptation" of the skin to dithranol further complicates its therapeutic use. 

There is growing evidence that both the antipsoriatic and inflammatory actions of the drug are 

related to its redox activity, leading to the production of oxygen radicals (71,72); however the 

mechanism of the increased tolerance of the skin to dithranol during repeated treatment is not 

known. The increased tolerance of the skin during the repeated application of dithranol was 

first proved experimentally by Brandt and Mustakallo. They presumed that continuous 

depletion of the inflammatory mediators of the skin resulted in the observed decreased 

inflammatory effect of the drug (73), though this was not proved experimentally. In contrast, 

Lawrence and Schuster hypothesised that this phenomenon might be caused by an active 

adaptive mechanism (74), as they found that tape stripping (removing the stratum corneum 

with an adhesive tape) and application of a very low dose of dithranol also induced tolerance of 

the skin to the drug. Kemény et al. earlier studied the effects of repeated dithranol treatment on 

ear thickness in mice. It was suggested that an active adaptation process is responsible for the 

increased tolerance observed after low-dose dithranol treatment (64). Parslew and Friedmann 

recently demonstrated that pretreatment of human skin with a subirritant concentration of 

dithranol induced a clear adaptive response, which proved to be rather specific as it had no 

effect on croton oil-induced inflammation (75). Although these human studies revealed the 

adaptive response of the skin to dithranol, the underlying mechanisms could not be elucidated. 
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2. AIMS 

2.1 To investigate the effect of ethanol and acetone on the proliferation of human HaCaT 

keratinocytes. To explore the effect of ethanol and acetone on the mRNA levels of genes 

characteristic for proliferating keratinocytes such as a5 integrin, KGFR and cyclin Dl. 

2.2 To study the IL-10 production of human HaCaT keratinocytes and the effect of dithranol on 

the expression of IL-8 and IL-10 receptor genes in human HaCaT keratinocytes. 

2.4 To examine the possible involvement of manganese superoxide dismutase (MnSOD) and 

copper-zinc superoxide dismutase (CuZnSOD) antioxidant enzymes in the induction of 

dithranol tolerance. 

2.3 To determine the number of total T cells, T helper cells, T cytotoxic cells, T memory cells, 

T naive cells, B lymphocytes and NK cells in the peripheral blood of patients with psoriasis 

(before and after dithranol or PUVA treatment) and in healthy controls. 
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3. MATERIALS AND METHODS 

3.1 Cells 

3.1.1 Culturing of HaCaT keratinocytes 

HaCaT cells are commonly used as model system to study hyperproliferative skin diseases such 

as psoriasis. (76-79) HaCaT keratinocytes (kindly provided by Dr. N. E. Fusenig, Heidelberg, 

Germany) were grown in 75cm2 cell culture flasks (Costar, Cambridge, MA, USA) and 

maintained in high glucose Dulbecco's modified Eagle's medium (high glucose DMEM, 

Gibco, Eggstein, Germany) supplemented with 10% fetal bovine serum (FBS) (Gibco), L-

glutamine, penicillin/streptomycin and fungizone (Sigma, Budapest, Hungary) at 37°C in a 

humidified atmosphere containing 5% carbon dioxide (CO2). 

3.1.2 Culturing of BCBL-1 cell line 

The body cavity-based/primary effusion lymphoma (PEL) derived BCBL-1 cell line (80) was 

used as positive control for the IL-10 studies. Cells were maintained in RPMI 1640 medium 

(Gibco, Eggstein, Germany) supplemented with 10% fetal bovine serum (FBS) (Gibco), L-

glutamine, penicillin/streptomycin and fungizone (Sigma, Budapest, Hungary) in a 5% CO2 

humidified atmosphere. 
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3.2 Dithranol, ethanol or acetone treatment 

3.2.1 Ethanol or acetone treatment 

The subconfluent HaCaT cultures were washed PBS (Gibco, Germany) under sterile conditions 

and were incubated for 30 minutes at 37°C with increasing concentrations of ethanol (2,13 pM 

- 1710 pM) or acetone (6,81 pM - 1360 pM) in DMEM containing 0.5% FCS. Control cells 

were incubated in DMEM containing 0.5% FCS for 30 minutes. Ethanol or acetone treated 

cells were then washed with PBS and were incubated in DMEM containing 10% FCS for 2 and 

4 hours at 37°C in a humid 5% CO2 atmosphere incubator. 

3.2.2 Dithranol treatment 

The subconfluent HaCaT cells were washed with PBS (Gibco, Germany) under sterile 

conditions and were incubated for 30 minutes at 37°C in a humid 5% CO2 atmosphere 

incubator with increasing concentrations of dithranol (0.1-0.5 pg/ml) (Hernial Chemie, 

Reinbek, Germany) in DMEM containing 0.5% FCS. Dithranol was always freshly dissolved in 

acetone and used immediately. Control cells were treated with the solvent (acetone) only or left 

untreated. Dithranol treated cells were then washed with PBS and were incubated in DMEM 

containing 10% FCS for 2 and 4 hours at 37°C in a humid 5% CO2 atmosphere incubator. 
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3.3 RNA extraction and semi-quantitative reverse transcriptase-polymerase chain 

reaction 

After 2 and 4 hours incubation time, total cellular RNA was isolated from dithranol, ethanol or 

acetone treated cells according to the TRIzol® (Sigma) protocol. The quality of the RNA was 

tested in 1% formaldehyde-agarose gel stained with ethidium bromide (EtBr). The RNA 

concentration was measured using a spectrophotometer. After reverse transcription (RT) with 

oligo (dT)i5 primers, semiquantitative polymerase chain reaction (PCR) was performed with 

specific primer pairs to determine IL-8, EL-10, IL-10R, KGFR, cyclin Dl, a5 integrin, MnSOD, 

CuZnSOD and p-actin mRNA levels. 

Primers Forward Reverse 

IL-8 ATGACTTCCAAGCTGGCCGTGGCT TCTCAGCCCTCTTCAAAAACTTCTC 

IL-10 ATGCACAGCTCAGCACTGCTCTGT CTTAAAGTCCTCCAGCAAGGACTCCTTTAA 

IL-10R ATGTGGGTGGCACTGACCTGTTCT AGGGGGATGCTACTCCATTTGTTG 

KGFR AGTTTAAGCAGGAGCATCGCATT CTGTTACCACCATACAGGCGATTAA 

Cyclin D1 AGGAGAACAAACAGATCA TAGGACAGGAAGTTGTTG 

a5 integrin ATTATCAGAGCAAGAGCCGGATAGA GGAGATGAGGGACTGTAAACCGA 

MnSOD ACGTGCACAACCTGAACGTC GTAAGTGTCCCCGTTCCTTA 

CuZnSOD TGTGACTGCTGACAAAGATGG TTACACCACAAGCCAAACGAC 

P-actin AGAGATGGCCACGGCTGCTT ATTTGCGGTGGACGATGGAG 
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The following cycling times and temperatures were used: IL-8 (35 cycles of 94 °C for 60 s, 59 

°C for 90 s and 72 °C for 90 s), IL-10 (35 cycles of 94 °C for 60 s, 60 °C for 60 s and 72 °C for 

60 s), IL-10R (35 cycles of 94 °C for 60 s, 59 °C for 45 s and 72 °C for 75 s), KGFR (30 cycles 

of 94°C for 60 s, 60 °C for 60 s and 72°C for 60 s), cvclinDl (35 cycles of 94°C for 60 s, 60 °C 

for 60 s and 72°C for 60 s), cx5 integrin (30 cycles of 94°C for 60 s, 60 °C for 60 s and 72°C for 

60 s), MnSOD (30 cycles of 94°C for 45 s, 56 °C for 60 s and 72°C for 120 s), CuZnSOD (30 

cycles of 94°C for 60 s, 56 °C for 45 s and 72°C for 120 s) and B-actin (20 cycles of 94 °C for 

60 s, 55 °C for 120 s and 72 °C for 105 s). After PCR amplification the products were 

visualized by EtBr-stained agarose gel electrophoresis. 

The identity of the RT-PCR products in the case of IL-8, IL-10 and P-actin was confirmed by 

cloning and sequencing. The identity of the IL-10 receptor RT-PCR product was confirmed by 

direct sequencing. 

3.4 Immunohistochemistry 

Both anti-IL-10 receptor monoclonal antibody (R&D Systems), and mouse IgGi (DAKO) were 

diluted to a working concentration of 1 pg/ml in Tris-buffered saline (Sigma), containing 0.1% 

Triton X-100 (Sigma) and 0.5% bovine serum albumin. HaCaT cells cultured on 8.6 cm2 

uncoated culture slides were fixed in 2% paraformaldehyde for 20 min. at 4 °C, and washed in 

Tris-buffered saline, containing 0.1% Triton X-100 (TBST). Slides were then incubated for 30 

min. at 4 °C with human IgG (0.5 mg/ml, heat aggregated at 65 °C for 20 min.) (Jackson 

ImmunoResearch Lab. Inc, West Baltimore Pike, USA) in order to block cell surface Fc 

receptors. Excess liquid was eliminated without washing, and the slides were incubated 

overnight at 4 °C with anti-IL-10 receptor monoclonal antibody and negative control reagent 

(mouse IgGi), respectively. The antigen-antibody reaction was revealed by using a 
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StreptABComplex Duet (mouse and rabbit) Reagent Set (DAKO). Briefly, the slides were 

incubated for 1 hour at room temperature with the biotin-labeled second antibody (goat anti-

mouse/rabbit Ig). After washing, avidin-HRP was added and the incubation was performed in 

similar conditions as described for the second antibody. The peroxidase was developed with 3-

amino-9-ethyl-carbazol (AEC Sigma). Finally, the slides were washed in tap water, 

counterstained with hematoxylin, rewashed and mounted in DAKO Glycergel® aqeous 

mounting medium (DAKO). 

3.5. Determination of cell viability 

HaCaT cells were plated at a density of 1x10^ cells/well in 96-well microtiter plates. Cells 

were grown to subconfluence. After incubation with different ethanol and acetone 

concentrations for 30 minutes in the presence of DMEM containing 0.5% FCS cells were 

washed with PBS and DMEM containing 10% FCS was added to each well. 72 hours after 

ethanol treatment or 48 hours after acetone treatment HaCaT cell viability was measured by the 

3-4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay (81). 

3.6 Patients' profile 

Peripheral blood samples of 12 patients with psoriasis were obtained with informed consent for 

use in this study. The Ethical Committee of the University of Szeged, Hungary approved this 

investigation. Blood samples were collected before and after treatment from all patients. 

Therapeutic modalities included dithranol or PUVA treatments. Dithranol treatment was used 

in slowly increasing concentrations starting with 0- 5% up to 8% depending on the induced 

erythema. PUVA (four times a week) was administered from 1 J/cm2 up 5 J/cm2 depending on 
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the induced erythema. The second blood sample was taken at the time when the applied 

treatment regimen had been completed. At this time the majority of patients was symptom-free 

or had minimal skin changes (Psoriasis area severity index < 4). 

3.7 Immunostaining and flow cytometry 

Anti-CD3 FITC, anti-CD3 PE (clone UCHT1), anti-CD19 PE (clone HD37), anti-CD8 PE 

(clone DK25), anti-CD4 PE (clone MT310) and isotype-matched labelled mouse 

immunoglobulins were obtained from DAKO (Copenhagen, Denmark), anti-CD45RA PE 

(clone F8-11-13) was obtained from Serotec (Oxford, UK) and anti-CD45RO FITC (clone 

UCHL1) was obtained from Immunotech (Beckman Coulter, Fullerton, CA, USA). Peripheral 

blood, anticoagulated with EDTA, was collected. Each blood sample (50 pi) was stained with 

two monoclonal antibodies, one conjugated with FITC and the other with PE (10 pi from each) 

at room temperature, in the dark for 20 min Erythrocytes were lysed with FACS Lysing 

Solution (Becton Dickinson San Jose, CA, USA). After two washes with PBS the cells were 

resuspended in PBS for immediate analyses or were fixed with 2% paraformaldehyde for 

overnight storage before analyses. Two-colour flow cytometry was performed by using a 

FACSCalibur cytometer and the data were analyzed using Cell Quest software (Becton 

Dickinson, San Jose, CA, USA). In each stain 30000 events were acquired. 

3.8 Statistical analysis 

Data are presented as the mean + SEM. Student's t-tests were used for analyses comparing the 

different groups, with statistical significance considered if P < 0.05. 
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4. RESULTS 

4.1 Ethanol and acetone enhances the proliferation of HaCaT keratinocytes 

HaCaT cells were incubated for 48 and 72 hours in the presence of different ethanol (2.1375 

pM- 1,71 mM) and acetone (6,81 pM-1,36 mM) concentrations and the number of viable cells 

was determined by the MTT assay. Our data showed that both ethanol (Fig. 1) and acetone 

(Fig. 2) induced the proliferating potential of HaCaT cells. 

The effect of ethanol and acetone on the mRNA levels of genes characteristic for proliferating 

keratinocytes such as oc5 integrin, KGFR and cyclin D1 was studied by RT-PCR. oc5 integrin, 

KGFR and cyclin D1 mRNA levels were higher compared to the controls already 0.5 hours 

after the ethanol treatment and 2 hours after the acetone treatment of the cells. (Fig. 3) 

2,13 4,27 8,55 17,1 171 

Ethanol concentration pM 

1710 0 

Fig. 1. Relative changes in the number of viable cells determined by the MTT assay 72 hours 
after ethanol treatment. At 4,27 pM or 8,55 pM concentration ethanol significantly increased 
the number of viable HaCaT cells compared to the control (0 pM ethanol). At 1710 pM 
concentration ethanol proved to be toxic and significantly decreased the number of viable 
HaCaT cells compared to the control (0 pM ethanol). Bars represent means of 3 independent 
experiments ± SEM, (*p<0,05). 
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0,6 

0,5 

0,4 

0,3 

0,2 

0,1 

0 

6,81 13,6 136 1360 

Acetone concentration 

Fig. 2. Relative changes in the number of viable cells determined by the MTT assay 48 hours 
after acetone treatment. At 13,6 pM or 136 pM concentration acetone significantly increased 
the number of viable HaCaT cells compared to the control (0 pM acetone). At 1360 pM 
concentration acetone proved to be toxic and significantly decreased the number of viable 
HaCaT cells compared to the control (0 pM acetone). Bars represent means of 3 independent 
experiments ± SEM, (*p<0,05). 

oc5 integrin 

cyclin D1 

KGFR 

p-actin 

Control Acetone 
0.5 h 0.5 h 

Control Ethanol 
2 h 2 h 

Fig. 3. RT-PCR analyses of cell cycle regulation-related genesThe a5 integrin, cyclin D1 and 
KGFR mRNA levels were higher compared to the controls after 2 hours of ethanol and 0.5 
hours of acetone treatment of HaCaT cells. 
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4.2 HaCaT cells do not produce IL-10. 

The expression of the IL-10 gene was studied in HaCaT cells using semi-quantitative RT-PCR. 

A housekeeping gene (3-actin was used as an internal control. The (3-actin RT-PCR signals 

were constant in all our samples (Fig. 4). To study the IL-10 production of HaCaT cells we 

used the BCBL-1 cell line as a positive control as this cell line produces large amounts of IL-

10. We could not demonstrate the IL-10 production of HaCaT cells. We could only detect the 

small amount of genomic DNA in our RNA samples differing in size from the product 

originating from the IL-10 mRNA (Fig. 5). 

1 2 3 4 5 6 7 8 9 10 

Fig. 4. RT-PCR analysis of (3-actin expression in HaCaT cells treated with dithranol. Lane 1: 
untreated control 2h, lane 2: acetone treated cells 2h, lane 3: 0,1 pg/ml dithranol treated cells 
2h, lane 4: 0,25 pg/ml dithranol treated cells 2h, lane 5: 0,5 pg/ml dithranol treated cells 2h, 
lane 6: untreated control 4h, lane 7: acetone treated cells 4h, lane 8: 0,1 jig/ml dithranol treated 
cells 4h, lane 9: 0,25 ¡ig/ml dithranol treated cells 4h, lane 10: 0,5 pg/ml dithranol treated cells 
4h 
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1 2 3 4 5 6 7 8 9 10 

Fig. 5. RT-PCR analysis of IL-10 expression in HaCaT cells treated with dithranol. Lane 1: 
untreated control 2h, lane 2: acetone treated cells 2h, lane 3: 0,1 pg/ml dithranol treated cells 
2h, lane 4: 0,25 pg/ml dithranol treated cells 2h, lane 5: 0,5 pg/ml dithranol treated cells 2h, 
lane 6: untreated control 4h, lane 7: acetone treated cells 4h, lane 8: 0,1 pg/ml dithranol treated 
cells 4h, lane 9: 0,25 ftg/ml dithranol treated cells 4h, lane 10: 0,5 ftg/ml dithranol treated cells 
4h 
Arrow A: PCR product from genomic IL-10 DNA in the RNA samples 
Arrow B: RT-PCR product from IL-10 mRNA 

4.3 Dithranol upregulates IL-10 receptors but does not alter the IL-8 mRNA production 

of HaCaT keratinocytes. 

The expression of the IL-8 and IL-10R gene was studied in HaCaT cells using semi-

quantitative RT-PCR. A housekeeping gene (3-actin was used as an internal control. The (3-

actin RT-PCR signals were constant in all our samples. The IL-8 mRNA levels did not change 

after 2 or 4 hours of dithranol treatment compared to the untreated or acetone treated cells 

when RT-PCR was carried out with several dilutions of our primary RT reaction products (1:1; 

1:2; 1:4; 1:8) (Fig. 6). The IL-10R mRNA levels were significantly elevated already after 2 

hours in the dithranol treated cells compared to the controls when RT-PCR was carried out 

with several dilutions of our primary RT reaction products (1:1; 1:2; 1:4; 1:8). When the 

primary RT product was used at the dilution of 1:8 we could not detect any PCR signal. The 

induction of the IL-10R gene was dose dependent reaching its maximum at 0,25 pg/ml 

dithranol concentration (Fig 7). Following RT-PCR studies untreated cultured HaCaT cells 
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were stained with a monoclonal antibody against human EL-10 receptor. Relative to the isotype 

control the antibody clearly stained the cells. A clear membrane localization was apparent and 

interestingly it seemed that cells localized at the edges of the colonies showed stronger 

expression. Beside the membrane staining there was some cytoplasmic staining as well. We 

have also performed immunocytochemistry on cultured HaCaT cells that were treated with 

dithranol. At all concentrations tested (0.1-0.5 pg/ml) dithranol clearly had a cytostatic effect 

on the cells, that was apparent by the size of the cell colonies relative to the untreated control 

cultures. With the monoclonal antibody staining there was a slight indication for enhanced 

expression of IL-10 receptor, predominantly on the cell membrane in the dithranol treated 

cultures, and this difference seemed to depend on the concentration (Fig 8). 

1 2 3 4 5 6 7 8 9 10 
IL-8 

Fig. 6. RT-PCR analysis of IL-8 expression in HaCaT cells treated with dithranol. Lane 1: 
untreated control 2h, lane 2: acetone treated cells 2h, lane 3: 0,1 pg/ml dithranol treated cells 
2h, lane 4: 0,25 pg/ml dithranol treated cells 2h, lane 5: 0,5 pg/ml dithranol treated cells 2h, 
lane 6: untreated control 4h, lane 7: acetone treated cells 4h, lane 8: 0,1 pg/ml dithranol treated 
cells 4h, lane 9: 0,25 pg/ml dithranol treated cells 4h, lane 10: 0,5 pg/ml dithranol treated cells 
4h 

- 2 0 -



IL-1 OR 

(1) 

1 O 

(3) 

• mmm |m m m m m ^ ^ ^ m 

a 

B 

c 
o 
o 
=J 

"D 
c 

o 

Dithranol treated HaCaT cells IL-10 receptor mRNA fold 
induction compared to acetone treated controls after 2 hours 

3 -

0,5 0,25 0,1 

Dithranol concentration pg/ml 

c 
o 
o 

3 3 

o 

Dithranol treated HaCaT cells IL-10 receptor mRNA fold 
induction compared to acetone treated controls after 4 hours 

3 • 

0,5 0,25 0,1 

Dithranol concentration pg/ml 

Fig. 7. (A) RT-PCR analysis of IL-10R expression in HaCaT cells treated with dithranol. Lane 
1: untreated control 2h, lane 2: acetone treated cells 2h, lane 3: 0,1 pg/ml dithranol treated 
cells 2h, lane 4: 0,25 pg/ml dithranol treated cells 2h, lane 5: 0,5 pg/ml dithranol treated cells 
2h, lane 6: untreated control 4h, lane 7: acetone treated cells 4h, lane 8: 0,1 pg/ml dithranol 
treated cells 4h, lane 9: 0,25 pg/ml dithranol treated cells 4h, lane 10: 0,5 pg/ml dithranol 
treated cells 4h 
(B) Integrated peak areas after densitometric signals plotted as "fold induction" in comparison 
to untreated cells after 2 hours. Bars represent means of 3 independent experiments + SEM. 
(C) Integrated peak areas after densitometric signals plotted as "fold induction" in comparison 
to untreated cells after 4 hours. Bars represent means of 3 independent experiments + SEM. 
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Fig. 8. 
(A) Untreated cultured HaCaT cells were stained with a monoclonal antibody against human 
IL-10 receptor. Relative to the isotype control the antibody clearly stained the cells. 
(B) Isotype control 
(C) 0,1 |ig/ml dithranol treated HaCaT cells 
(D) 0,25 pg/ml dithranol treated HaCaT cells 
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4.4 Dithranol decreases the mRNA levels of CuZnSOD but does not alter the mRNA 

levels of MnSOD 

RT-PCR results showed that after 12 hours at all concentrations tested (0.1-0.5 fig/ml) 

dithranol diminished CuZnSOD mRNA levels of HaCaT keratinocytes. After 24 hours 

CuZnSOD mRNA levels of dithranol treated HaCaT cells reverted to the mRNA levels of 

control (acetone treated) keratinocytes. (Fig .9) In the case of MnSOD. dithranol did not alter 

the high mRNA levels of the enzyme 12 or 24 hours after treatment. (Fig. 9) 

B 1 2 3 4 5 6 7 8 

Fig. 9. 
(A) RT-PCR analysis of CuZnSOD mRNA expression in HaCaT cells treated with dithranol. 
Lane 1: acetone treated cells 12h, lane 2: 0,1 (ig/ml dithranol treated cells 12h, lane 3: 0,5 
|ig/ml dithranol treated cells 12h, lane 4: 1 |ig/ml dithranol treated cells 12h, lane 5: acetone 
treated cells 24h, lane 6: 0,1 pg/ml dithranol treated cells 24h, lane 7: 0,5 |ig/ml dithranol 
treated cells 24h, lane 8: 1 pg/ml dithranol treated cells 24h 
(B) RT-PCR analysis of MnSOD mRNA expression in HaCaT cells treated with dithranol. 
Lane 1: acetone treated cells 12h, lane 2: 0,1 fig/ml dithranol treated cells 12h, lane 3: 0,5 
|ig/ml dithranol treated cells 12h, lane 4: 1 ¡ig/ml dithranol treated cells 12h, lane 5: acetone 
treated cells 24h, lane 6: 0,1 pg/ml dithranol treated cells 24h, lane 7: 0,5 (J.g/ml dithranol 
treated cells 24h, lane 8: 1 Jig/ml dithranol treated cells 24h 
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4.5 PUVA treatment decreases the CD3 + CD8 + lymphocyte subset in psoriatic patients. 

The lymphocyte subsets in patients with psoriasis were analyzed before and after PUVA or 

dithranol treatment. The only lymphocyte population in which changes were statistically 

significant was the CD3 + CD8 + subset in the PUVA treated group (32,04 ± 2,64% before 

treatment versus 25,15 ± 2,20%, after treatment, P <0,05) (Table 1). The antipsoriatic 

treatments used in this study had no significant effect on the number of memory and naive T 

cells. Memory T cells remained elevated in patients versus in controls and naive T cells 

remained decreased in the psoriasis group compared to healthy controls (data not shown), 

without reaching statistical significance. No difference between the two groups was found 

regarding B lymphocytes, NK cells, total T cells and T helper cells (Table 1). 

PUVA dithranol 

Lymphocyte subsets before SEM after SEM before SEM after SEM 
treatment treatment treatment treatment 

CD3 + 77,17 2,96 70,66 3,13 70,22 4,05 74,67 2,68 
CD19 + 10,55 2,27 10,98 2,46 11,64 2,34 9,50 1,12 
CD3 + CD4 + 44,53 3,76 44,40 2,25 44,80 4,57 44,01 3,48 
CD3 + CD8 + 32,04 * 2,64 25,15 * 2,20 26,23 2,17 29,97 2,22 
CD3 - CD56 + 8,07 1,91 12,93 2,46 11,50 2,71 10,02 2,90 
CD3 + CD45RO + 38,57 3,97 36,21 4,03 36,31 2,41 35,31 4,30 
CD3 + CD45RA + 35,70 2,08 36,29 1,48 37,77 3,24 43,55 3,99 

Table 1. Percentage of lymphocyte subsets (mean ± SEM) in peripheral blood of patients with 
psoriasis before and after treatment. Significant changes in the * CD3 + CD8 + subset of the 
PUVA treated group (32,04 ± 2,64% before treatment versus 25,15 ± 2,20%, after treatment, P 
<0,05) 
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5. DISCUSSION 

Among many exogenous factors alcohol misuse has emerged as and additional factor in 

inducing psoriasis (29-35). 

Protein kinase C (PKC) isoenzymes play an important part in signal transmission regulating 

cellular growth, differentiation, cytokine production and adhesion molecule expression. In 

psoriasis down regulation of several PKC isoenzymes occurs. In vitro studies show that ethanol 

can both inhibit or enhance PKC activity, depending on the experimental conditions (82). 

An increase in the cyclic GMP (cGMP)/cyclic AMP (cAMP) ratio or decreased cAMP levels 

cause stimulation of cell activity. 

These changes are important in the hyperproliferation associated with psoriasis (83). Acute 

ethanol exposure increases the amount of cAMP (84-87) and inhibits the accumulation of 

cGMP (88), thus showing an antipsoriatic effect. Chronic alcohol exposure showed opposite 

effects (89). 

Extracellular lipids of the stratum corneum ere essential for the epidermal permeability barrier 

function, which is an important factor in regulating epidermal DNA synthesis (90,91). 

Alterations in epidermal lipid content and metabolism have been observed in psoriasis (92,93). 

Most of the investigations indicate that ethanol enhances cholesterol synthesis, increases the 

activity of 3-hydroxy-3-methyl-glutaryl coenzyme A (HMG CoA) reductase, and induces an 

elevation of triglicerides, high-density lipoprotein, and cholesterol levels in serum and liver 

(94-97). However agents known to induce psoriasis generally inhibit cholesterol synthesis and 

lipid metabolism. Therefore these findings make it very unlikely that effects of ethanol on 

psoriasis are mediated through the above mentioned regulatory systems (28). 

Some studies indicate that alcohol alters the immune system. It is known that alcoholics are 

more susceptible to various infections (36). Because streptococcal infections are trigger factors 
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for psoriasis this increased susceptibility may be involved in the onset and progress of the 

disease. Ockenfels et al. developed a co-culture model with psoriatic keratinocytes and the 

HUT-78 T-lymphoma cell line. It was found that IL-6, TGF-a and IFN-y levels were elevated 

in the ethanol-treated psoriatic co-culture system indicating an enhanced Th-1 type response in 

the presence of ethanol (37). 

Among heavy drinkers blood acetone level is elevated. It is widely accepted that blood acetone 

concentration is good indicator of alcohol consumption. So far there were no reports on 

possible role of blood acetone concentration in evoking psoriasis. 

The hallmark of psoriasis is the high epidermal cell turnover. By binding to CDKs, cyclins 

initiate the G0-G1 transition. Cyclin D1 binding with CDK4/6 starts the G1 phase (43,44). 

Cyclin D1 is associated with epithelial hyperproliferation (46) and is overexpressed in psoriasis 

(47,48). Our results showed that after ethanol and acetone treatment the ratio of HaCaT cells 

traversing from GO into cell cycle prior to G1 is increased. This is similar in psoriasis where the 

ratio of cycling cells compared to the total number of germinative cells is high. 

Soluble mitogens such as growth factors and their receptors are important in regulating cell 

growth. KGF is a paracrine mediator of epithelial cell growth (98). KGF elicits its activity 

through binding to the tyrosine kinase KGFR (53,54). Alterations in the KGF signaling 

pathway might be involved in the epidermal hyperplasia associated with psoriasis. Increased 

expression of KGF and KGFR is characteristic for lesional psoriatic tissue (55). Our results 

demonstrate that KGFR expression in HaCaT keratinocytes is upmodulated after ethanol and 

acetone exposure, thus suggesting an increased KGF signaling in our model system. 

Insoluble extracellular molecules also play an important role in the regulating the growth of 

ancorage-dependent cells (99). 

Integrins are a large family of cellular surface molecules interacting with the extracellular 

matrix. Keratinocyte integrins are important epidermal regulatory molecules, they are involved 

in adhesion, migration, growth and differentiation (59) Fibronectin can regulate keratinocyte 
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growth through the a5pi fibronectin receptor. The expression of a5 integrin in HaCaT 

keratinocytes is related to an undifferentiated, intensely proliferating state of these cells 

indicating that HaCaT cells are appropriate to study external regulators of proliferation and the 

underlying molecular mechanisms (100). We observed a strong expression of a5 integrin in 

ethanol and acetone treated HaCaT cells. Alterations in expression, topography and function of 

integrin receptors have been previously reported in lesional and also in nonlesional psoriatic 

keratinocytes (60,61,101). It is known that nonlesional psoriatic skin expresses higher a5 

integrin levels relative to normal keratinocytes, which may lead to the hyperresponsiveness of 

psoriatic keratinocytes to proliferation signals provided by lymphokines produced by 

intralesional T lymphocytes (62). It is possible that the effect ethanol and acetone on <x5 

integrin expression of HaCaT cells increases their proliferating capacity. In the present study 

we found that, at non-cytotoxic concentrations, ethanol and acetone enhances the proliferation 

of HaCaT cells. Our results also indicate that the effect of ethanol and acetone is partly 

mediated by genes characteristic for proliferating keratinocytes such as a5 integrin, KGFR and 

cyclin Dl. Our findings provide further data to understand how alcohol misuse may contribute 

to exacerbating psoriasis. 

EL-8 is a cytokine with proinflammatory and growth-promoting activities, which is involved in 

the pathogenesis of several inflammatory diseases. The overexpression of IL-8 a has been 

reported in psoriatic lesions (13). The effects of IL-8 on keratinocytes are mediated through 

specific receptors, which may be upregulated by interleukin-1 (IL-1) and TNF-a (102). In 

lesional psoriatic epidermis, IL-8R specific mRNA level was found to be 10-fold higher 

compared with the uninvolved skin (103). Our earlier results showed that several antipsoriatic 

compounds such as cyclosporine, calcitriol, calcipotriol and dithranol have inhibitory effects on 

EL-8 binding to cultured keratinocytes (11-13). EL-8 and IL8R expression can be dose 

dependently downregulated with the antipsoriatic drug tacrolimus (FK-506) in vitro (9,14). 
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Another cytokine EL-10 has gained increasing importance as an anti-inflammatory cytokine 

(16). IL-10 was firstly described in T-helper2 (TI12) cells and characterized by its ability to 

inhibit the typical cytokine response of T-helperi (Thi) lymphocytes (104). Besides TI12 cells 

monocytes/macrophages, B cells, eosinophils and mast cells are able to produce IL-10 (105-

108). In human skin macrophages are the main source of IL-10 (109). The EL-10 synthesis of 

keratinocytes is controversially discussed in the literature. (110-116). Our present studies 

suggest that HaCaT cells are not capable of producing IL-10. 

EL-10 suppresses the proinflammatory cytokine production and the antigen-presenting capacity 

of monocytes/macrophages (105,117,118), dendritic cells (119), Langerhans cells (15,120) and 

keratinocytes (121). 

We found earlier that in cultured keratinocytes IFN-y induced HLA-DR expression is inhibited 

by IL-10. It has a moderate but statistically significant and dose dependent inhibitory effect on 

the keratinocyte growth rate. (17). 

The effect of IL-10 is mediated through its specific receptor, which shares structural 

homologies with the IFN-y receptor (122). Our previous studies showed that EL-10R expression 

is decreased in psoriatic epidermis (17). 

Dithranol is a highly effective antipsoriatic compound. Its mode of action is still not completely 

understood. It has inhibitory effect on PMN function (65) and modulates the arachidinoc acid 

metabolism (66,67). It inhibits keratinocyte proliferation (68) and it is also capable of 

modulating cell surface receptors of keratinocytes (69,70). 

Our results show that dithranol does not act by regulating the IL-8 production of human 

cultured HaCaT keratinocytes. We could demonstrate that HaCaT keratinocytes have IL-10 

receptors and these cells in vitro respond to the treatment with the antipsoriatic drug dithranol 

by the induction of the IL-10 receptor gene. 

Since the IL-10 receptor gene is downregulated in psoriatic epidermis the pharmacological 
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modulation of the receptor in our model system may be an important target in the future for the 

therapy of psoriasis. 

During dithranol therapy increasing dithranol concentrations are required to maintain the 

antipsoriatic efficacy. Previous studies of Kemény et al. showed that the development of 

tolerance to the drug may not be explained simply by depletion of the inflammatory mediator 

pool. This phenomenon is rather caused by an active adaptive mechanism (64). The studies of 

Lawrence and Schuster indicated that tape stripping moderates the inflammatory effect of 

dithranol applied 24 hours later, whereas it has no effect on the irritation induced by dithranol 

applied immediately after stripping (74). They came to the conclusion that stripping triggers an 

unknown adaptive mechanism. In the studies of Juhlin (123) and Misch et al (124) UV 

irradiation was found to moderate the erythema-generating effect of dithranol applied 24 hours 

later. They postulated that UV irradiation involved in the autooxidation of dithranol reduces the 

inflammatory effect of the drug. However, it is well known that UV irradiation induces free 

radical production in the skin (125,126). We suggest that the inhibitory effect of UV irradiation 

on dithranol dermatitis is also connected with the adaptive mechanism triggered by superoxide 

anion radicals. 

The mechanisms that eliminate free radicals are triggered by the extracellularly localised 

superoxide anion radicals and Kemény et al. earlier showed that extracellular free radicals are 

of great importance in inflammation (127). We supposed that one of the extracellular 

antioxidant enzymes might be responsible for the adaptive mechanism induced by dithranol, 

tape stripping or UV irradiation. CuZnSOD, MnSOD and extracellular SOD are important 

defences against oxygen radicals. The activity of extracellular SOD is very low and it probably 

protects only the endothelial cells (128). Our RT-PCR results show that dithranol 

downregulates the mRNA levels of CuZnSOD and does not alter the mRNA levels of MnSOD 

in HaCaT cells. We assume that the above-mentioned enzymes are uninvolved in precipitating 
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dithranol tolerance. Besides the three isoforms of SOD thioredoxinreductase (129) is an 

important extracellular antioxidant enzyme. Since the activity of thioredoxinreductase in 

psoriatic plaques was found by Schallreuter et al. to be higher (130), and since the dithranol-

induced inflammation is less than that in other skin parts (131), it is likely that this enzyme is a 

key component of the adaptive mechanism. The further recognition of this adaptive mechanism 

may open future prospects to overcome some limitations concerning the practical use of 

dithranol. 

When we investigated the lymphocyte populations of dithranol or PUVA treated psoriatic 

patients we found a significant decrease in T cytotoxic cells after PUVA treatment. In the 

dithranol treated group there were no significant differences in the lymphocyte subsets. 

Previous studies showed that T lymphocytes are more sensitive to UV than B cells. PUVA 

inhibits lymphocyte migration towards chemoattractants, and IL-2 production of T cells in 

spleen is suppressed by PUVA treatment in mice. Furthermore PUVA induces apoptosis of 

intra-epidermal T cells which is thought to be one of the possible mechanisms of phototherapy 

in T cell mediated dermatoses such as psoriasis These results are in concordance with 

observations of other authors, and highlight the significance of T cells in the pathogenesis of 

psoriasis and support the theory that the therapeutic effects of PUVA originate from the toxic 

effects on activated lymphocytes. (132,133). The resolution of psoriatic lesions after dithranol 

treatment is accompanied by a decrease in epidermal T cells. Former studies showed that blood 

T cells were unaffected by topical dithranol therapy (134). It is interesting that dithranol or 

PUVA treatments had no effect on memory and naive T cells. The number of memory T cells 

remained high after the treatments. It is possible that the persistence of the increased number of 

memory T cells is one of the factors that contribute to the relapses observed in psoriasis. 
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6. SUMMARY 

1. We found that, at physiological concentrations, ethanol and acetone enhances the 

proliferation of HaCaT cells. Our results indicate that the effect of ethanol and acetone 

is partly mediated by genes characteristic for proliferating keratinocytes such as a5 

integrin, KGFR and cyclin Dl. Our findings provide further data to understand how 

alcohol misuse may contribute to exacerbating psoriasis. 

2. We have shown that dithranol does not alter the EL-8 mRNA production of HaCaT 

keratinocytes but dithranol upregulates IL-10 receptors on human HaCaT keratinocytes. 

As the expression of IL-10 receptors in psoriatic epidermis is decreased the 

pharmacological modulation of these receptors may be beneficial in the treatment of 

psoriasis. 

3. We have shown for the first time that HaCaT keratinocytes do have IL-10 receptors and 

do not produce IL-10. 

4. We have shown that PUVA treatment decreased the percentage of cytotoxic T cells but 

had no effect on the number of B lymphocytes, NK cells, total T cells, cytotoxic T cells, 

memory and naive T cells in psoriatic patients. We have shown that dithranol treatment 

had no effect on the above-mentioned lymphocyte populations in patients with 

psoriasis. The number of memory T cells persisted elevated and naive T cells remained 

reduced in both groups showing the presumably chronic activation of the immune 

system in these patients. 
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