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Abstract

 

Overexpression of proinflammatory, type 1 cytokines has
been demonstrated in psoriasis and is believed to be of patho-
physiological importance. IL-10 is a type 2 cytokine with
major impact on immunoregulation, since it inhibits type 1/pro-
inflammatory cytokine formation. Therefore, we investigated
its role in psoriasis. We found a relative deficiency in cuta-
neous IL-10 mRNA expression compared with other inflam-
matory dermatoses. Interestingly, patients during established
antipsoriatic therapy showed higher IL-10 mRNA expres-
sion of peripheral blood mononuclear cells than patients before
therapy. This suggested that IL-10 may have antipsoriatic
capacity. Therefore, we performed a phase 2 pilot trial with
subcutaneous IL-10 administration (8 

 

m

 

g/kg/d) over 24 d in
three patients. Clinical efficiency measured by objective and
subjective parameters was found. Immunosuppressive effects
(depressed monocytic HLA-DR expression, TNF-

 

a

 

 and IL-12
secretion capacity, IL-12 plasma levels, and responsiveness
to recall antigens) as well as a shift toward a type 2 cytokine
pattern (increasing proportion of IL-4, IL-5, and IL-10 pro-
ducing T cells, selective increase in IgE serum levels) were
observed. Remarkably, IL-10 administration also enhanced
the intracutaneous IL-10 mRNA expression. Our investiga-
tions demonstrate the major importance of IL-10 in psoria-
sis and show that IL-10 administration represents a new
therapeutic approach. This is the first report on IL-10 ther-
apy for cutaneous disorders. (
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Introduction

 

Psoriasis is a common cutaneous disorder characterized by in-
flammation and abnormal epidermal proliferation with a prev-
alence of 2–3% in the general population (1). Several observa-
tions indicate that T cells and cytokines (2–8) are of major
importance in the pathogenesis of this chronic skin disease.

These observations are supported by the beneficial effects of
systemic administration of immunosuppressive drugs like cy-
closporin A (9), FK506 (10), and fumaric acid esters (11–13),
known to act on T cells and to influence the cytokine pattern.

According to the predominant expression of IL-2 and IFN-

 

g

 

and the lack of IL-4 in skin lesions, psoriasis is believed to be
characterized by a type 1 cytokine pattern (4, 5, 14). Moreover,
the involvement of other proinflammatory cytokines like IL-1,
IL-6, IL-8, and TNF-

 

a

 

 has been demonstrated (15–17).
In contrast to proinflammatory cytokines there is only lim-

ited knowledge regarding the role of antiinflammatory cyto-
kines in psoriasis. Remarkably, there is rising evidence that a
relative IL-1 receptor antagonist deficiency could be of major
importance (18). IL-10, another antiinflammatory cytokine, is
a potent inductor of IL-1 receptor antagonist (19), suggesting
low or absent IL-10 expression in psoriasis. However, conflict-
ing data have been published. Whereas IL-10 mRNA was de-
tected rarely or not at all by some authors (4, 5), overexpres-
sion has been reported by others (16, 20). This may partly
result from different PCR techniques used. Moreover, there is
no information available regarding the IL-10 expression by
psoriatic PBMC, although it is established that these cells may
infiltrate into the skin and are involved in the pathogenesis of
the disease (6, 21).

IL-10 has great impact on immunoregulation. It promotes
the development of a type 2 cytokine pattern by inhibiting the
IFN-

 

g

 

 production of T lymphocytes and natural killer cells
particularly via the suppression of IL-12 synthesis in accessory
cells (22). Moreover, it suppresses proinflammatory cytokine
production and antigen-presenting capacity of monocytes/
macrophages and dendritic cells (23, 24). Interestingly, intra-
venous injection of IL-10 was shown to inhibit proinflamma-
tory cytokine production and was well tolerated in a single
dose up to 25 

 

m

 

g/kg in healthy volunteers (25). Moreover, mul-
tiple intravenous administration in patients with Crohn’s dis-
ease, another type 1 disease (14), showed beneficial effects
along with a good local and systemic tolerance (26). Therefore,
beneficial effects of IL-10 therapy in psoriasis also may be ex-
pected.

Using a competitive quantitative RT-PCR technique, here
we demonstrate low cutaneous IL-10 mRNA expression in
psoriasis compared with other inflammatory dermatoses.
Moreover, established antipsoriatic treatment protocols are
shown to be associated with enhanced IL-10 mRNA expres-
sion in PBMC. Since this suggested that IL-10 induction may
have antipsoriatic activity, we started a pilot trial and report
here on the first administration of IL-10 in psoriasis. Objec-
tives of the study in three psoriatic patients were to assess
safety aspects as well as effects on disease activity and related
immunological parameters. Our results show that therapeutic
IL-10 administration as well as selective induction of endoge-
nous IL-10 formation may be useful, new therapeutic ap-
proaches in psoriasis.
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Methods

 

Noninterventional studies.

 

For comparison of cutaneous IL-10 mRNA
expression in psoriasis with that of other inflammatory dermatoses,
skin punch biopsies (4–8 mm) were obtained from adult patients with
psoriasis (

 

n

 

 5 

 

7), cutaneous T cell lymphoma (mycosis fungoides;

 

 n 

 

5

 

9), and atopic eczema (

 

n

 

 5 

 

5). In eight patients (two mycosis fun-
goides, three psoriasis, three atopic dermatitis), an additional biopsy
was obtained from uninvolved skin.

To investigate the monocytic IL-10 secretion capacity, endotoxin
stimulation was done in whole blood cultures from psoriatic patients
(

 

n

 

 5 

 

14) as well as from currently untreated patients with atopic der-
matitis (

 

n

 

 5 

 

15), cutaneous T cell lymphoma (

 

n

 

 5 

 

6), and from 10
healthy controls.

The effect of conventional psoriasis treatment (UVB or bath-
PUVA exposition and topical administration of dithranol and calci-
potriol) on IL-10 and TNF-

 

a

 

 mRNA expression in PBMC was as-
sessed in venous blood samples, obtained from psoriatic patients
before (

 

n

 

 5 

 

6) and during the first week of therapy (

 

n

 

 5 

 

7) as well as
from healthy donors (

 

n

 

 5 

 

12).

 

IL-10 administration protocol.

 

Three otherwise healthy, male pa-
tients with chronic plaque psoriasis (age 34, 43, and 53 yr) were cho-
sen for treatment with IL-10. There was no systemic antipsoriatic
treatment, including any phototherapy, during 8 wk preceding the
study and no treatment with any standard topical therapy for psoria-
sis other than with bland emollients during 3 wk preceding the study.
Moreover, the patients had no clinical evidence for infection during 3 wk
before the study, no anti–ds-DNA antibodies, and no history of can-
cer. Patients received subcutaneous administrations of recombinant
human IL-10 (SCH 52000; kindly provided by Essex Pharma, Mu-
nich, Germany) over a period of 24 d in a daily dosage of 8 

 

m

 

g/kg
body wt. In two patients (patients F and G), IL-10 was injected subcu-
taneously directly under psoriatic plaques and vehicle alone was in-
jected under a control plaque symmetrically localized on the other
body side. In the third patient, IL-10 was injected in nonlesional, sub-
cutaneous tissue (patient B).

The study was approved by the Institutional Review Board of the
Medical Faculty, and written informed consent was obtained from all
patients.

 

Clinical and immunological investigations in IL-10–treated pa-
tients.

 

In IL-10–treated patients, daily clinical examination was per-
formed over a 28-d period. Patients were interviewed regarding side
effects and the pruritus was scored. Efficacy was assessed from day 1
(before therapy) up to 4 d after the end of therapy (day 28) by the
psoriasis area and severity index (PASI)

 

1

 

 (27), photo documentation,
and 20 mHz ultrasound. Three different plaques (including the site of
IL-10 and vehicle administration) were monitored in detail in each
patient. 20 mHz ultrasound shows an echopoor band in psoriasis, rep-
resenting both epidermal acanthosis and the infiltrate in the upper
dermis, which can be measured exactly (28; see also Fig. 7). Reduc-
tion of the echopoor band was expressed as proportional change in
comparison to baseline values.

Before (day 

 

2

 

6), during (day 18), and 4 d after treatment (day 28)
delayed type of hypersensitivity reaction (DTH) was determined us-
ing the Multitest Mérieux™ test system (Institut Mérieux GmbH,
Leimen, Germany). DTH response to recall antigens reflects a type 1
cytokine–mediated immune reaction (14).

Skin biopsies (4-mm punch biopsies) were obtained 4 d before IL-
10 therapy, at day 8, and at day 24 (end of therapy) for histological
and immunohistochemical examination as well as for determination
of IL-10 mRNA expression.

Immunological characterization of peripheral blood leukocytes

was performed immediately before IL-10 therapy (day 1), 6 and 24 h
after the first dose, and at days 5, 8, 15, 22, and 28 (4 d after the end of
therapy). For assessing IL-10–induced immunodepression, HLA-DR
expression on monocytes and plasma levels of IL-12 p40 as well as en-
dotoxin-induced TNF-

 

a

 

 and IL-12 heterodimer secretion in whole
blood cultures were investigated. For assessing type 1/type 2 cytokine
balance, IgE serum levels and the ex vivo intracellular cytokine for-
mation capacity of CD4

 

1

 

 and CD4

 

2

 

 T cells were determined.

 

Histology and immunohistochemistry.

 

The histological investiga-
tions included the evaluation of the main psoriatic parameters such as
acanthosis, hyperkeratosis, and parakeratosis, the mitotic activity of
the epidermis, papillary edema, dilation and tortuosity of capillaries,
and neutrophils in the dermis, the stratum spinosum, as well as in the
horny layer, respectively.

Immunohistochemical investigations were carried out using mono-
clonal antibodies against CD8 (C8/144B), CD79a (JCB 117), and CD3
(A 0452, polyclonal) (all Dako, Hamburg, Germany), as well as CD1a
(O10; Coulter-Immunotech, Krefeld/Hamburg, Germany), and Ki67
(MIB-1; Dianova, Hamburg, Germany).

 

Semiquantitative cytokine mRNA RT-PCR.

 

PCR analyses for the
quantification of cytokine mRNA expression were performed as de-
scribed in detail elsewhere (29, 30). Briefly, total RNA was extracted
from skin biopsies and from Ficoll-Hypaque (Pharmacia, Uppsala,
Sweden) separated PBMC, respectively. Quantification of cytokine
cDNA derived from this RNA was carried out using multispecific
control fragments as an internal standard for competitive PCR. First,
the cDNA samples to be compared were equilibrated according
to their glyceraldehyde-3-phosphate-dehydrogenase cDNA content.
Then, the relative concentration of IL-10 and TNF-

 

a

 

 cDNA in each
sample was estimated from the concentration of control fragment
DNA that achieved equilibrium between its own amplification and
that of the target cDNA. The concentrations were determined in ar-
bitrary units (AU). One AU was defined as the lowest concentration
of control fragment that yielded a detectable amplification product
given the primer pair and the PCR conditions used (30). Control RT-
PCR without template DNA was performed in all experiments to ex-
clude contamination. As an additional control, reverse transcriptase
was omitted from the reaction mixture during cDNA synthesis to
prove the absence of genomic DNA. The following oligonucleotides
(29) were used as primer pairs (sense/antisense): 

 

GAPDH:

 

 GCA-
GGGGGGAGCCAAAAGGG / TGCCAGCCCCAGCGTCAAAG;

 

IL-10: 

 

CTGAGAACCAAGACCCAGACATCAAGG/CAATAA-
GGTTTCTCAAGGGGCTGG; 

 

TNF-

 

a

 

:

 

 CTCTGGCCCAGGCAG-
TCAGA/GGCGTTTGGGAAGGTTGGAT.

 

Levels of IL-12 p40 in plasma.

 

Plasma supernatants were harvested
from EDTA-anticoagulated venous blood samples within 15 min and
were stored at 

 

2

 

70

 

8

 

C until cytokine analysis. IL-12 concentrations in
plasma were analyzed using the IL-12 p40 ELISA from Medgenix
(Ratingen, Germany).

 

IgE levels in serum.

 

Serum supernatants were harvested from
venous blood samples. IgE concentrations were determined using the
Cobas™ core IgE total EIA (Hoffmann-La Roche, Grenzach-Wyhlen,
Germany).

 

Monocytic HLA-DR expression.

 

Monocytic HLA-DR expression
in isolated PBMC was determined using monoclonal antibodies (phy-
coerythrin-labeled anti–HLA-DR [L243], FITC-labeled anti-CD14
[M

 

[

 

P9]), a FACScan

 

®

 

 machine, and LYSYS II™ software (all from
Becton Dickinson, Heidelberg, Germany). Briefly, 5

 

 3 

 

10

 

5

 

 PBMC were
incubated with 20 

 

m

 

l 1:10 diluted antibodies in a total of 70 

 

m

 

l for 20
min in the dark. After washing, the mean fluorescence intensity of
HLA-DR staining was determined in the CD14

 

1

 

 monocyte popula-
tion (31).

 

Ex vivo endotoxin-induced cytokine secretion.

 

For analysis of ex
vivo monokine synthesis, whole blood was diluted 1:2 with heparin-
ized RPMI 1640 medium (Biochrom KG, Berlin, Germany) and stim-
ulated with 100 ng/ml endotoxin from 

 

Escherichia coli

 

 0127:B8
(Sigma, Deisenhofen, Germany) at 37

 

8

 

C and 5% CO

 

2

 

 for 4 and 24 h
(31). Culture supernatants were stored at 

 

2

 

70

 

8

 

C until measurement

 

1. 

 

Abbreviations used in this paper:

 

 APCs, antigen-presenting cells;
AU, arbitrary units; DTH, delayed type of hypersensitivity; PASI,
psoriasis area and severity index.
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of cytokine levels by commercially available ELISA kits. TNF-

 

a

 

 con-
centration (Medgenix) was determined in supernatants of 4-h culture,
whereas IL-12 heterodimer (Quantikine™; DPC Biermann, Bad
Nauheim, Germany) and IL-10 (Cytoscreen™; Laboserv, Giessen,
Germany) secretion were investigated after 24 h of endotoxin stimu-
lation. For assessment of cytokine secretion capacity per monocyte,
cell numbers in whole blood were determined from white blood cell
counts (Neubauer chamber; Neubauer, Marienfeld, Germany) and
differential blood smear.

 

Type 1/type 2 cytokine production capacity of CD4

 

1

 

 and CD4

 

2

 

 T
cells.

 

The production of the type 1 cytokines IFN-

 

g

 

, TNF-

 

a

 

, IL-2 and
the type 2 cytokines IL-4, IL-5, and IL-10 was assessed in CD3

 

1

 

CD4

 

1

 

and CD3

 

1

 

CD4

 

2

 

 T cells using ex vivo stimulation in whole blood with
subsequent intracellular cytokine staining and flow cytometry.

Briefly, heparinized whole blood was diluted 1:2 with heparinized
RPMI 1640 medium (Biochrom KG) and stimulated with PMA (25
ng/ml; Sigma) and the calcium ionophore ionomycin (1 

 

m

 

g/ml; Sigma)
in the presence of the cytokine secretion inhibitor Brefeldin A (10

 

m

 

g/ml; Becton Dickinson) for 4 h (37

 

8

 

C, 5% CO

 

2

 

). Thereafter, T cell
surface antigens were stained using FITC-labeled anti-CD4 and
PECy5-labeled anti-CD3 monoclonal antibodies (both from Coulter-

Immunotech) in a final concentration of 5% (vol/vol) for 20 min at
4

 

8

 

C in the dark. Then, erythrocyte lysis and cell fixation was per-
formed using FACS

 

®

 

 lysing solution (Becton Dickinson). After per-
meabilization of leukocytes by FACS

 

®

 

 permeabilizing solution (Bec-
ton Dickinson), cells were intracellularly stained with the respective
phycoerythrin-labeled anticytokine monoclonal antibodies (20% vol/
vol) for 30 min at room temperature in the dark. After a washing
step, measurement and analysis of 20,000 cells for each cytokine were
done using a FACScan

 

®

 

 machine and LYSYS II™ software.
Phycoerythrin-labeled monoclonal antibodies against the follow-

ing cytokines were used for intracellular staining: IFN-

 

g

 

 and IL-2
(FASTIMMUNE; Becton Dickinson); TNF-

 

a

 

, IL-4, IL-5, and IL-10
(PharMingen, Hamburg, Germany). The percentage of cytokine-pos-
itive cells was determined in both the CD4

 

1

 

 and CD4

 

2

 

 subsets of the
CD3

 

1

 

 T cell population. For delimiting cytokine-positive and -nega-
tive cells, the respective isotype controls (IgG1 and IgG2a; Becton
Dickinson) were used.

 

Statistical analysis.

 

Data are presented as mean

 

6

 

SEM. Statistical
analysis was performed using the Mann-Whitney U test for the com-
parison of groups.

Since for the three psoriatic patients undergoing IL-10 therapy

Figure 1. Low IL-10 mRNA expression in 
psoriatic skin lesions. Cutaneous IL-10 
mRNA expression was analyzed in biopsies 
from patients with psoriasis (n 5 7), plaque 
and tumor stage mycosis fungoides (n 5 9), 
and atopic dermatitis (n 5 5). Moreover, 
nonlesional skin samples of eight patients 
(two mycosis fungoides, three psoriasis, 
three atopic dermatitis) were analyzed. 
RNA preparation, reverse transcription, 
and semiquantitative RT-PCR were car-
ried out as described in Methods. IL-10 
mRNA concentrations are given in AU as 
mean6SEM. *P , 0.05 vs. psoriasis and 
nonlesional skin; Mann-Whitney U test.

Figure 2. Decreasing TNF-a but increasing 
IL-10 mRNA expression in response to ini-
tial conventional psoriasis therapy. Cyto-
kine mRNA expression was analyzed in 
freshly prepared PBMC from psoriatic pa-
tients before therapy (n 5 6) and during 
the initial phase of conventional therapy
(n 5 7) as well as from healthy volunteers 
(n 5 12). RNA preparation, reverse tran-
scription, and semiquantitative RT-PCR 
were carried out as described in Methods 
to determine IL-10 gene expression. IL-10 
mRNA concentrations are given in AU as 
mean6SEM. ***P , 0.001, *P , 0.05 vs. 
healthy probands; Mann-Whitney U test. 
###P , 0.001 vs. psoriatic patients before 
therapy; Mann-Whitney U test.
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Figure 3. Decreasing disease activity during IL-10 therapy. The PASI 
(27) was determined in three psoriatic patients undergoing IL-10 
therapy for 24 d. In patients F and G, IL-10 was subcutaneously in-
jected under a psoriatic plaque whereas it was injected in nonlesional, 
subcutaneous tissue in patient B.

 

statistical analysis was not possible, for additional information mean
values in follow-up were indicated with filled boxes and open circles
if for all three patients results were higher or lower than before ther-
apy, respectively.

 

Results

 

Relative IL-10 deficiency in psoriasis

 

IL-10 mRNA was detected in almost all skin punch biopsies
from patients with psoriasis, mycosis fungoides, and atopic ec-
zema. High levels of IL-10 mRNA were demonstrated in skin
from patients with atopic dermatitis and mycosis fungoides,
confirming recently published data (30, 32). In contrast, low
levels were found in uninvolved and psoriatic skin (Fig. 1). The
IL-10 mRNA expression in psoriatic skin lesions was signifi-
cantly lower than in atopic dermatitis and mycosis fungoides
(

 

P

 

 , 

 

0.05; Mann-Whitney U test) indicating relative cutaneous
IL-10 deficiency in comparison to the other inflammatory skin
diseases.

Next, we investigated IL-10 protein secretion capacity of
peripheral blood leukocytes in response to endotoxin. IL-10
secretion in psoriatic patients (65.2

 

6

 

17.4 pg/ml,

 

 n 

 

5 

 

14) was
lower when compared with patients with cutaneous T cell lym-
phoma (144

 

6

 

73.5 pg/ml,

 

 n 

 

5 

 

6), atopic dermatitis (88.7

 

6

 

21.2
pg/ml,

 

 n 

 

5 

 

15), and healthy controls (86.7

 

6

 

17.4 pg/ml,

 

 n 

 

5 

 

10).
However, differences failed to reach statistical significance (

 

P

 

 

 

.

 

0.05; Mann-Whitney U test).
In PBMC from untreated psoriatic patients, significantly el-

evated TNF-

 

a

 

 but not IL-10 mRNA expression was found in
comparison to controls (Fig. 2). Interestingly, initial conven-

Figure 4. Local effects of IL-10 administration in patient F. IL-10 was injected daily within the left skin lesion. The figure shows the situation in 
patient F before (A), during (day 8, B; day 15, C), and at the end of IL-10 therapy (day 24, D).
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tional antipsoriatic treatment reversed this pattern; therefore,
lower TNF-

 

a but significantly higher IL-10 mRNA levels were
found (Fig. 2). This strongly suggests an association of IL-10
increase and TNF-a decrease with efficient initial antipsoriatic
therapy.

Clinical response to IL-10 therapy

To test whether IL-10 has direct antipsoriatic activity, we
treated three patients with daily subcutaneous administrations
of recombinant human IL-10 (8 mg/kg/d) over a period of 24 d.
The treatment was well tolerated. There was no evidence of
any adverse side effects. All patients reported the loss of skin
itching. A decrease of the PASI score was observed in all pa-
tients. However, the degree of the antipsoriatic effect was het-
erogeneous and no complete healing was reached during the
period of monitoring (Fig. 3).

Patient F showed a strong local response to IL-10 subcuta-

Figure 5. Marked systemic antipsoriatic effect of intralesional IL-10 administration in patient F. Typical, locally untreated skin lesions are shown 
before (A), during (day 15, B), and at the end of therapy (day 24, C). Lesions at the forehead/hair border and the breast are shown.

neously injected under a psoriatic plaque (Fig. 4). Interest-
ingly, the improvement of this plaque was associated with sub-
sequent development of a peripheral erythematous ring (Fig.
4). This may indicate the induction of a reactive process at the
margin of the lesion which is reactive to high IL-10 concentra-
tion present in the subcutaneous tissue underlying the lesion.
Beside the local effects, this patient showed also significant im-
provement of all other lesions, indicating a systemic therapeu-
tic effect of IL-10 (Fig. 5). Remarkably, further improvement
was observed in this patient even after the end of IL-10 treat-
ment. Moderate antipsoriatic effects were observed in patient
B, mainly showing a significantly decreasing scaling and infil-
tration (Fig. 6). The antipsoriatic effect in patient G was only
marginal (not shown). No rebound effect was observed in any
patient during the period immediately after treatment.

The extent of the ultrasound-measured echopoor band as
an objective parameter for plaque thickness corresponded well
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to the clinical parameters. In patient F, the echopoor band
completely disappeared in the IL-10–treated plaque (Fig. 7).
Moreover, we found a significant reduction in the vehicle-
treated as well as in not locally treated plaques, indicating sys-
temic effects of IL-10. However, there was a considerable dif-
ference between the IL-10–treated plaque and these lesions,
arguing for the direct, local antipsoriatic activity of IL-10. The
decrease of the echopoor band was less extensive in the two
other patients, corresponding to the clinical results (PASI
score). So at the end of therapy (day 24) the reduction of the
echopoor band in patient B, who received nonlesional IL-10
injections, was between 10 and 30% in the three plaques inves-
tigated. Only marginal effects were observed in patient G.

Finally, histological investigation demonstrated a decrease
of epidermal thickness along with a decrease of parakeratosis
and Munro’s abscesses (Fig. 8), whereas the morphology of the
papillary vessels was the same as before. The quantity of the
infiltrate decreased without accentuating any special cell popu-
lation, as investigated by immunohistochemistry.

Immunological effects of IL-10 therapy

Signs for systemic immunodepression. So far, only data from
immunological effects of a single IL-10 injection have been

published (25). We wondered which effects a long-term (24 d)
IL-10 treatment may induce.

IL-10 administration continuously suppressed monocytic
HLA-DR expression as well as IL-12 p40 plasma levels, indi-
cating persistent immunodepression (Fig. 9 A).

When looking at the TNF-a and IL-12 heterodimer secre-
tion in whole blood cultures stimulated with endotoxin, an
only transient depression was found at 6 h after the first IL-10
administration (data not shown). Since monocytes are respon-
sible for the proinflammatory cytokine production after endo-
toxin stimulation in whole blood cultures, the values were cor-
rected by monocyte counts (see Fig. 9 B). A widely sustained
depression of cytokine secretion capacity per monocyte was
found (Fig. 9 B).

Type 2 shift resulting from lasting induction of IL-4, IL-5,
and IL-10 producing T cells. It has been shown that IL-10 is
able to suppress or even to anergize type 1 T cells in vitro. We
wondered whether long-term IL-10 administration influences
the type 1/type 2 balance in vivo.

The type 1/type 2 cytokine formation capacity of peripheral
blood T cells during IL-10 therapy was investigated by flow cy-
tometry. A strong decrease of IFN-g producing CD41 T cells
was demonstrated at 6 h followed by an increase at day 2 indi-

Figure 6. Moderate antipsoriatic effect of nonlesional IL-10 administration in patient B. Typical skin lesions in patient B before (A) and at the 
end of therapy at day 24 (B).
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cating counterregulation (Fig. 10 A). This pattern corresponds
to that of the monocyte-derived type 1 cytokine IL-12 after en-
dotoxin stimulation (Fig. 9 B) and was also seen for IL-2 and
TNF-a secreting T helper cells (not shown). In contrast to
IFN-g producing T cells, the percentage of IL-2 and TNF-a
producers remained diminished even after the end of IL-10
therapy (day 28) (Table I). In CD42 T cells we observed only a
marginal decrease of TNF-a expressing cells in all three pa-
tients (Table I).

The percentage of IL-4 producing CD41 T cells increased
in all three patients beginning with day 2 (Fig. 10 A). Although
some counterregulation was indicated by a redecrease at day 8,
the proportion of IL-4 producers remained elevated through
the whole treatment period and even at 4 d after cessation of
IL-10 therapy. Accordingly, the IFN-g/IL-4 ratio was lower

than before therapy during the whole observation period in all
three patients. Similarly, IL-10 treatment led to a lasting in-
crease of IL-5 and IL-10 producing T helper cells (Table I).
Moreover, a marked and lasting induction of type 2 T cell cy-
tokine secretion capacity was also demonstrable for the CD42 T
cell population (Table I).

Taken together, IL-10 induced a shift from type 1 to type 2
cytokine formation in T cells which persisted even after cessa-
tion of treatment. Accordingly, increasing IgE serum levels
(Fig. 10 B) and a tendency for higher counts of eosinophilic
granulocytes in peripheral blood (not shown) were observed.
The plasma levels of the other Ig classes and of IgG subclasses
were not altered (not shown).

Depression of intracutaneous type 1 immune response and
restoration of intralesional IL-10 mRNA expression. Direct ev-

Figure 7. Reduction of the echopoor band was most intensive directly at the injection site of IL-10. The echopoor band was monitored by ultra-
sound as an objective parameter for plaque thickness in patient F. The upper part of the figure shows the follow-up in the IL-10–treated and the 
vehicle-treated lesions as well as in an untreated lesion. The pretreatment value was considered as 100%. The lower part of the figure shows the 
ultrasound pictures from the plaque directly injected with IL-10 before (A), at day 15 (B), and after therapy (day 24, C). The arrow indicates
the echopoor band measured.
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idence for in vivo depression of type 1 immune response was
yielded by investigating the DTH response to seven recall anti-
gens (Multitest Mérieux) in healthy skin. In all patients, a loss
of at least one positive reaction was found (Fig. 11 A). This
may be of special importance, since after repeated application
of recall antigens a booster effect rather than a loss of reactiv-
ity would have been expected. The decrease in the number of
positive reactions resulted exclusively from the loss of those
reactions which were weak (size of erythema , 4 mm) before
IL-10 therapy.

Furthermore, we investigated the intralesional pattern of
IL-10 mRNA expression in the three psoriatic patients under-
going IL-10 therapy. Surprisingly, exogenous IL-10 adminis-
tration also restored the relative IL-10 mRNA deficiency in
psoriatic plaques (Fig. 11 B). This is compatible with a shift to
a local type 2 cytokine pattern. Remarkably, patient F, who re-
sponded best to therapy, showed the most dramatic rise in cu-
taneous IL-10 gene expression. Further investigations are nec-
essary to identify the cellular origin of the increasing IL-10
mRNA expression (infiltrating T cells, monocytes/macro-
phages, keratinocytes).

Discussion

Here we show that cutaneous IL-10 mRNA expression in pso-
riasis is significantly lower than in other inflammatory derma-
toses and that IL-10 administration may have antipsoriatic ef-
fects.

The level of cutaneous IL-10 mRNA expression in psori-
atic lesions was not distinguishable from healthy human skin,
as opposed to significant overexpression of several proinflam-
matory cytokines (4, 5, 15–17). Our results correspond well
with findings regarding low cutaneous IL-10 protein expres-
sion, as determined by immunohistochemistry (33) and by
measurement in suction blister fluid (34). In addition to this lo-

cal IL-10 deficiency, endotoxin-stimulated whole blood from
psoriatic patients showed a tendency for lower IL-10 forma-
tion capacity. Taken together IL-10 deficiency may be a cen-
tral phenomenon in psoriasis.

For several reasons we believe that this relative IL-10 defi-
ciency may be of major importance for the pathogenesis of
psoriasis and that its normalization would be beneficial. First,
it has been shown in vitro that several sufficient antipsoriatic

Table I. Intracellular Cytokine Formation Capacity of CD41 
and CD42 T Cells before and 4 d after the End of
IL-10 Therapy

Cytokines

CD41 T cells CD42 T cells

Before Day 28 Before Day 28

% % % %

IFN-g 17.063.4 20.761.6 52.365.9 53.668.1
TNF-a 17.466.0 7.162.2* 22.566.6 17.063.5*
IL-2 56.764.9 28.667.3* 23.766.0 23.068.4
IL-4 2.761.4 8.161.4‡ 3.962.6 14.162.6‡

IL-5 4.660.9 20.162.9‡ 6.361.5 23.863.6‡

IL-10 0.960.1 7.760.8‡ 2.962.7 14.164.1‡

IFN-g/IL-4 ratio 8.362.4 2.660.2* 27.4612.4 3.960.2*

In three psoriatic patients undergoing IL-10 therapy, intracellular cy-
tokine formation capacity of T cells was determined using triple-color
flow cytometry after 4 h of whole blood stimulation with PMA/ionomy-
cin as described in Methods. For each cytokine the percentage of posi-
tive cells before and 4 d after cessation of IL-10 therapy (day 28) is
given as mean6SEM for both CD41 and the CD42 T cell population.
‡Values were higher than before IL-10 therapy for all three patients;
*values were lower than before IL-10 therapy for all three patients.

Figure 8. Histological examination. Intralesional skin biopsy speci-
mens were obtained before (A), at day 8 (B), and at the end of IL-10 
therapy (day 24, C) in patient F. A decrease of epidermal thickness 
along with a decrease of parakeratosis and Munro’s abscesses as well 
as a moderate reduction of the infiltrate is demonstrable. Hematoxy-
lin and eosin staining, original magnification 316.
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therapies, e.g., UV radiation (35) and monomethylfumarat
(13), led to an increase of IL-10 production by several cell
types. Moreover, here we demonstrate in vivo higher IL-10
mRNA expression in PBMC during conventional antipsoriatic
therapy. Second, we have shown previously that cAMP-elevat-
ing drugs (e.g., iloprost, pentoxifylline) led to an upregulation
of IL-10 (36). Interestingly, it was reported that pentoxifylline
(37) and isoprenaline (38) are effective in the treatment of pso-
riasis. Third, our hypothesis would explain several well known
clinical observations: Inhibitors of the b-adrenergic receptor
(e.g., propranolol) or the cyclooxygenase (e.g., indomethacin)
(39) often lead to exacerbation of psoriasis. These drugs di-
minish intracellular cAMP formation and presumably are as-
sociated with IL-10 decrease. Moreover, direct support of a

type 1 cytokine pattern by IFN-a (40) or IFN-g application (3)
as well as IFN-g–elevating drugs like lithium (41) are known to
induce or to exacerbate psoriasis, and it is well established that
IFN-g inhibits IL-10 expression (22). On the other hand, preg-
nancy often leads to depression of type 1 cytokines (42), and
the majority of psoriatic women who became pregnant experi-
ence an improvement in their disease activity (43).

Since IL-10 dysregulation may play a key role in psoriasis,
we investigated the therapeutic effect of IL-10 in a limited
number of patients with severe psoriasis. Indeed, IL-10 ther-
apy showed considerable antipsoriatic effects. Remarkably,
subcutaneous injection of IL-10 directly under the psoriatic
plaque led to complete clearance of the lesion in one of two
patients. Moreover, systemic antipsoriatic effects were ob-

Figure 9. IL-10 therapy suppressed mono-
cytic HLA-DR expression, IL-12 and
TNF-a secretion capacity, and IL-12 p40 
plasma levels. (A) In the three psoriatic pa-
tients undergoing IL-10 therapy, monocytic 
HLA-DR expression in freshly isolated 
PBMC and IL-12 p40 plasma levels were 
determined by flow cytometry and ELISA, 
respectively, as described in Methods. (B) 
In the three psoriatic patients undergoing 
IL-10 therapy, TNF-a and IL-12 het-
erodimer secretion was determined in 
whole blood cultures after 4 and 24 h of 
endotoxin (100 ng/ml) stimulation, respec-
tively. The cytokine production values 
were corrected by monocyte counts
([Gpt/l], before therapy: 0.3060.1; 6 h: 
0.8060.27; day 2: 1.2960.23; day 5: 
0.6260.06; day 8: 0.6760.11; day 15: 
0.5660.04; day 22: 0.4260.05; 4 d after 
therapy: 0.6260.33). The data of the three 
psoriatic patients are given as mean6SEM. 
Open circles, Values were lower than be-
fore IL-10 therapy for all three patients.
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served in all patients, although the degree was different and no
complete response was reached. This does not argue against
the use of IL-10 as an antipsoriatic agent since the period of
administration (24 d) and monitoring (28 d) were compara-
tively short and we selected patients with severe course of pso-
riasis. Several well established (e.g., fumaric acid esters) (44)
or experimental therapies (45) do not show significant clinical
effects when used as monotherapy for such short periods.
Since our data suggest that subcutaneous injection of IL-10 is
safe and effective in psoriatic patients, the antipsoriatic activity
of IL-10 should be further investigated in larger populations,
with administration over a longer time, and with an extensive
observation period. Moreover, after dose finding has been per-
formed double-blind trials are necessary.

Based on our data, we think that the antipsoriatic activity
of IL-10 results from effects on different cell populations (in-

cluding T cells, antigen-presenting cells [APCs], and kerati-
nocytes) and their interactions.

It is well established that psoriasis is a T cell–dependent im-
mune disease (2, 5, 6, 8–10, 21). The pathophysiological pro-
cess is probably initiated by presentation of so far unknown
“psoriasis-related antigens” by specialized cutaneous APCs
(46, 47). IL-10 is able to suppress the APC activity of mono-
cytes/macrophages and dendritic cells (23, 24). Interestingly,
Mitra and colleagues demonstrated in vitro that psoriatic skin–
derived dendritic cell function is inhibited as well by IL-10
(47). The importance of the costimulatory component pro-
vided by APCs has been shown very recently by the therapeu-
tic effect of CTLA4-Ig in psoriasis (45).

In our study, we demonstrated strong effects of IL-10 ther-
apy on APCs. So, a considerable decrease of monocytic MHC
class II (HLA-DR) expression was observed. We and others

Figure 10. IL-10 therapy only initially de-
pressed IFN-g secretion capacity but last-
ingly upregulated the proportion of IL-4 
secreting CD41 T cells and IgE plasma lev-
els. (A) In three psoriatic patients undergo-
ing IL-10 therapy, the percentage of IFN-g 
and IL-4 producing CD41 T cells was cyto-
fluorometrically determined after 4 h of 
PMA/ionomycin stimulation of whole 
blood as described in Methods. For as-
sessing the Th1/Th2 cytokine balance, the 
IFN-g/IL-4 ratio was calculated. The data 
of the three psoriatic patients are given as 
mean6SEM. Filled boxes, Values were 
higher than before IL-10 therapy for all 
three patients. Open circles, Values were 
lower than before IL-10 therapy for all 
three patients. (B) In three psoriatic pa-
tients undergoing IL-10 therapy, the IgE 
serum levels were determined by ELISA. 
The pretreatment values were considered 
as 100% for each patient (Pat. B: 244
kU/liter; Pat. G: 73.4 kU/liter; Pat F: 7.6 
kU/liter).
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have shown that low monocytic HLA-DR expression indicates
systemic immunodepression and is associated with a functional
deactivation of these important immune cells, particularly sup-
pression of antigen-presenting capacity, formation of reactive
oxygen species, and capacity to produce proinflammatory cy-
tokines (31, 48). Accordingly, we found a depression of mono-
cytic TNF-a and IL-12 secretion capacity as well as decreasing
plasma levels of IL-12 which is critically important for the gen-
eration of cell-mediated immunity (49).

Presentation of classical intraepidermal antigens and/or su-
perantigens activates T effector cells in psoriasis (46, 50). In
particular, type 1 cytokine producing T cells seem to play an
important role in the pathogenesis of the disease (4, 5, 50). Our
data show that IL-10 administration influences the T cell sub-
populations with regard to their ex vivo cytokine formation ca-
pacity. Although we have some evidence for counterregula-
tion, a clear type 1/type 2 shift was found. This is the first in

vivo report on this important effect of IL-10. On the one hand,
the diminished response to recall antigens during and after
therapy and the depressed IL-12 p40 plasma levels indicate a
decreasing type 1 cytokine-mediated immune response. On
the other hand, the increasing proportions of IL-4, IL-5, and
IL-10 producing T cells as well as IgE levels in serum indicated
a rising type 2 cytokine formation. Moreover, we found in-
creasing cutaneous IL-10 mRNA expression probably reflect-
ing the systemic shift of the cytokine pattern in the skin.

Finally, direct effects of IL-10 on keratinocytes may have
contributed to the clinical response observed. So, it has been
shown that IL-10 inhibits keratinocytic proinflammatory cy-
tokine synthesis (51). It is still controversial as to whether hu-
man keratinocytes are able to produce IL-10 (52–54) and,
therefore, if they are involved in the increasing cutaneous IL-10
mRNA expression demonstrated in our patients. Interestingly,
it has been reported that keratinocyte-derived IL-10 mediates
the UV-induced suppression of DTH reaction in mice (55).

Taken together, our data suggest safety, immunological ac-
tivity, and therapeutic potency of IL-10 treatment in psoriasis,
a disease where relative IL-10 deficiency seems to be of crucial
importance. Administration as well as induction of IL-10 may
be useful novel approaches for psoriasis treatment.
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