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Interleukin-6 in the Epidermis of Patients with Psoriasis
Before and During PUVA Treatment
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Biopsies from lesional and unaffected skin of 6 patients
with psoriasis, taken before and during treatment with
psoralen plus UVA (PUVA) were examined immuno-
histologically, using partially purified polyclonal anti-
bodies to crude supernatants of activated human blood
monocytes. By absorption with recombinant derived
human monokines, we were able to demonstrate that
interleukin-6 (IL-6) (but not IL-1, or IL-15) was locat-
ed in a laminar and granular pattern in stratum cor-
neum, and on epidermal cell membranes in the viable
cellular epidermis. Before PUVA treatment, the inten-
sity and the extension of staining for IL-6 were both
markedly increased in lesional skin compared with
uninvolved skin. A weaker staining for IL-6 was ob-
served in lesional skin, simultaneous with the clinical
inprovement of psoriasis. The staining patterns for IL-
6 in biopsies from cleared lesional skin and uninvolved
psoriatic skin were identical at the conclusion of thera-
py. Key words: Cytokins; Skin disease; Phototherapy.
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Keratinocytes have been shown to secrete factors with
interleukin-1 (IL-1)-like activities (1, 2). Recent pre-
liminary studies indicate that these epidermal cells
possess the ability to produce a variety of cytokines,
including interleukin-6 (3, 4).

IL-6 (B-cell stimulating factor 2 or interferon B, (5))
is a human protein (mol.wt 21-26 kDa) which may be
distantly related to granulate colony stimulating fac-
tor. but unrelated to other cytokines (6).

By using an immunohistological technique we have
recently discovered that IL-1-like molecules and tu-
mour necrosis factor (TNF) are present in the epider-
mis of healthy persons (7). Moreover, we detected an
increase in the staining for these cytokines after acute
UVB exposure (7).

Psoriasis is a genetically determined chronic skin
disease. Several observations suggest the involvement

of immune mechanisms in the pathogenesis of psori-
asis (8, 9). Psoralen plus UVA (PUVA) are widely
used in the treatment of psoriasis, and PUVA treat-
ment seems to modify cutaneous immune reactions,
which may contribute to the development of psoriasis
(8, 10).

The purpose of the present investigation was to
examine whether there are differences in the tissue-
bound ‘IL-1-like molecules’ in lesional psoriatic skin,
compared with uninvolved skin. Furthermore, we
studied whether any alterations could be detected in
the distribution or concentration of these cytokines
during treatment with PUVA. Our studies revealed
that the ‘IL-1-like molecules’ are similar to, or identi-
cal with, IL-6.

MATERIALS AND METHODS

Patients

Four women and 2 men with active psoriasis vulgaris were
studied during PUVA treatment. Their age range was 24-50
years (mean 34 years). None of the patients had received
systemic treatment or therapy with UVR within at least 3
months before the study, and they were not receiving active
topical psoriasis treatment within at least 2 weeks before or
during the PUVA therapy. The mean extent of the skin in-
volvement was 36 % (range 20-65%) (described by ‘the rule
of nines’). The response to therapy was estimated by grading
the scaling, erythema and infiltration of the psoriatic plaques.
Definitive improvement was defined as: less scaling, less
erythema, less infiltration and partial regression of plaques;
clearing as: no erythema, and complete regression of plaques.

PUVA therapy

UVA irradiation was performed using a PUVA unit (manu-
factured by Tan International AB, Sweden), which contained
fluorescent tubes (MTI UVA 100W/09N) with a peak emis-
sion wavelenght of 355 nm. Patients were given 8-methoxy-
psoralen orally (0.6 mg/kg) 30 min before each irradiation,
and they were treated three times per week. The initial irra-
diation doses were 1 to 1.5 J/cm?. Definite clinical improve-
ment was obtained after 8-73 (mean 35) J/em?. Total clearing
of lesions was obtained after 55-218 (mean 135) J/em®.

Skin biopsies
Punch biopsies (3 mm) of psoriasis plaques and unaffected
skin (at a distance of at least 10 cm from the plaques) were
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Fig. 1. Epidermal in vivo-bound IL-6 demonstrated by a
biotin-avidin-peroxidase technique using anti-MK antiserum
(original, X500). (@) Uninvolved psoriatic skin before

obtained simultaneously from the buttock, under local anaes-
thesia using infiltration of 2% lidocaine in a ring around the
biopsy site. The biopsies were taken before PUVA treatment,
48 h after the first treatment, at the time of definite clinical
improvement, and at clearing of the lesions; cach time at least
48 h after the latest exposure. All consecutive biopsies from
each patient were obtained from the same plaque. The tissues
were quick-frozen and stored at —70°C, before staining with
hematoxylin-eosin and biotin-avidin.

Production of antiserum to human monokines (anti-MK).

The antiserum against crude supernatants of Staph. albus-
activated human blood monocytes was kindly provided by Dr
C. A. Dinarello, Tufts New Engl. Med. Center, Boston,
Mass., USA (11). This antiserum was purified by absorption
with antigens from leukocyte supernatants obtained after 30
min incubation with serum and Staphylococcl, leukocyte su-
pernatants obtained after 18 h of incubation in 2.5 pg cyclo-
heximide per ml, which inhibit the synthesis of various mon-
okines, and fresh human AB serum. The antiserum reacts
with major forms of IL-1 (IL-1, and IL-1;, but not with the
cytokines, interleukin-2, interferon-,, lymphotoxin, or TNF-,
(Bendtzen, unpublished).

Absorption of the antiserum with rIL-6

Prior to some experiments, 1 ul antiserum (1:10 dilution)
was incubated at 20°C for 1 h followed by incubation at 4°C
for 1 h with a 100 U (=20 ng) of human rIL-6, kindly
provided by Dr T. Hirano, Osaka University, Osaka, Japan
(6).

Acta Derm Venereol (Stockh) 69

PUVA. The staining pattern is identical with what is seen
after PUVA. (b) Psoriatic lesion before PUVA.

Biotin-avidin technique for demonstration of in vivo-bound
epidermal IL-6

4-6-um scctions of the skin were cut in a cryostat. The
samples were air dried for 5 min, fixed with acetone for 1
min, and then incubated for 5 min with 3% hydrogen perox-
ide in distilled water, followed by repeated washing in Tris
buffer (0.05 M Tris-HCL, pH 7.6) for 5 min. The sections were
then incubated for 20 min (at 20 °C) with 20 % normal swine
serum (Dakopatts, Copenhagen, Denmark) in Tris-buffer in a
humidity chamber. Excess serum was removed, and the sec-
tions were incubated for 30 min (20°C) (with diluted anti-
MK, anti-rIL-1, and anti rIL-1; (see below), using two-fold
dilutions in the range 1:40-1:640. The sections were then
washed in Tris-buffer (3 x5 min) followed by incubation for
30 min (20°C) with biotinylated swine anti-rabbit immuno-
globulin (Dakopatts) diluted 1:300 in Tris-buffer. After
washing in Tris-buffer (3X 5 min), the sections were incubat-
ed with ABComplex (Dakopatts) for 30 min (20°C) and
washed as mentioned above. Finally the sections were incu-
bated with 0.038% 3-amino-9-ethylcarbazol (Sigma, St.
Louis, Mo., USA) and 0.014 % hydrogen peroxide for 5 min,
washed in water for 10 min, counterstained with hematoxylin
for 2.5 min, and washed in water for 10 min. The samples
were mounted with Gurr Aquamount (BDH Chemicals,
Poole, Dorset, England).

Immunohistological controls
The specific staining was lost if either the primary layer (anti-
MK antiserum) or the secondary layer antibody was omitted,
or if the primary antibody was replaced by Tris-buffer or
normal rabbit serum (Dakopatts).

Blocking experiments have shown that staining with anti-




Fig. 2. Control from unexposed, uninvolved psoriatic skin.
The primary layer antibody was replaced by normal rabbit
serum (original, X 500).

MK antiserum was unaffected by preincubation with excess
amounts of human rIL-1, and/or rIL-1, (kindly provided by
Dr C. D. Dinarello) (7).

RESULTS

IL-6 staining patterns in non-irradiated skin

The staining patterns of unaffected skin were similar
to what we previously observed in biopsies from
healthy persons, using anti-MK antiserum not ab-
sorbed with IL-6 (9). Thus, a granular staining of the
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intercellular spaces of the epidermis was found in all
specimens. Staining was localized either to the mem-
branes of single cells or to groups of cells.

If the antiserum was first absorbed with human rIL-
6, the staining in epidermis was abolished both in
specimens from normal skin and in psoriatic skin
lesions; in the latter the staining was markedly de-
creased in stratum corneum. No staining was ob-
served using anti-rIL-1, or anti-rIL; antisera.

In the unaffected skin, epidermal membrane stain-
ing was not seen in the basal cell layers, whereas it was
observed to be irregularly distributed in all the biop-
sies from the psoriatic plaques (Fig. 1 g, b). The stain-
ing intensity was increased in affected skin compared
with unaffected skin, and in all cases further dilutions
of the primary layer antibody were still capable of
staining the skin (Table I).

A granular and laminar staining of stratum cor-
neum (SC) was observed in all biopsies. The biopsies
obtained from plaques constantly revealed a much
more intense staining and a wider distribution in SC,
compared with unaffected skin. The laminar staining
of the SC was irregularly distributed, with accumula-
tions especially in areas with parakeratosis (Fig. 1a,
b).

Hair follicles were present in only a few specimens
and stained similarly to the epidermis.

IL-6 staining patterns in PUVA-treated skin

The staining patterns in biopsies from unaffected skin
did not change during the period of treatment. In
contrast, the staining patterns in biopsies obtained
from plaques were normalized, concomitant with the
clinical response. No obvious change was observed in

Table I. Maximum dilutions of primary layer antibody giving epidermal membrane staining using the biotin-

avidin technique

Skin samples were taken from lesional and unaffected psoriatic skin before and during PUVA therapy

Maximum dilution of anti-MK antiserum

Before PUVA 48 h after PUVA

Definite improvement Total clearing

Pat. _

no. Unaff. Aff. Unaff. Aff. Unaff. Aff. Unaff. Prev. aff.
1 1:80 1:320 1:80 1:160 1:160 1:160 1:80 1:80

2 1:160 1:320 1:160 1:320 1:160 1:320 1:80 1:80

3 1:160 1:320 1:160 1:160 1:160 1:80 1:160 1:80

4 1:160 1:320 1:160 1:160 1:160 1:160 1:160 1:160

5 1:80 1:320 1:80 1:160 1:80 1:80 1:80 1:80

6 1:80 1:320 1:80 1:320 1:80 1:160 1:80 1:80
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biopsies obtained 48 h after the first treatment. How-
ever, in some biopsies the maximum effective dilu-
tions of anti-MK antiserum declined. At the time of
definite improvement, the staining intensity and the
distribution of tissue-bound IL-6 was diminished
both in the SC and in the viable cellular epidermis. At
the time of clearing of the lesions, the epidermal
histological findings were identical with those in un-
affected skin, including the SC patterns (Fig. 1 b).

Histology of hematoxylin-eosin stained skin specimens

Biopsies from unaffected skin showed no histopatho-
logical abnormalities of the epidermis. In some of the
biopsies there were discrete perivascular infiltrates,
but no changes in the dermal vessels or the dermal
papillae.

Biopsies taken from plaques showed typical psori-
atic changes. After clearing of the lesions, the histo-
logical picture was identical with that seen in unaf-
fected skin.

DISCUSSION

The immunohistological technique used in this study
has been discussed previously (9). The cytokine, or
cytokines, visualized by the antiserum raised to hu-
man monokines is not identical with the known a or 8
forms of IL-1, as we were unable to block the staining
by preincubating the antiserum with excess amounts
of E. coli-derived human rIL-1, or rIL-14, or combi-
nations thereof. In the present study, we utilized hu-
man rIL-6 in similar absorption experiments, and the
ability of the antiserum to bind to epidermal cells was
thereby inhibited. This also occurred when psoriatic
skin preparations were examined, suggesting that
most of the molecules visualized by this antiserum in
normal and UVB-irradiated normal skin (7), as well
as in the psoriatic skin, are similar to or identical with
IL-6. In this regard, it is interesting that the biological
activities of IL-6, in vitro and in vivo, to a large
extent overlap the activities ascribed to IL-1, and that
IL-1 is a potent inducer of IL-6 in many cell types (5,
12):

We also show that the in vivo bound epidermal IL-
6 is more widely distributed and present at a higher
concentration in lesional psoriatic skin, especially in
the stratum corneum, compared with neighbouring
uninvolved skin. This tallies with recent experiments
which have shown that unstimulated epidermal cells
(EC) from lesional psoriatic skin secrete significantly
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larger amounts of IL-1-like activities (IL-6?) than EC
from uninvolved psoriatic skin (13).

11-6 possesses lymphocyte stimulating capacities (5,
12), activities which, in the light of our observations,
might be of importance for the immunological altera-
tions seen in psoriasis during PUVA treatment (8,
13-15).

After the first dose of UVA we-did not observe any
enhancement of the expression of IL-6, probably be-
cause the dosage was too small to cause erythema.
During PUVA treatment we found a decline in tissue-
bound IL-6 towards the levels in unaffected skin. This
agrees with several reports describing clinical and
histological normalization of psoriatic lesions during
PUVA therapy (8, 16). In contrast, we did not see any
alterations in the staining pattern of IL-6 in unaffect-
ed skin after PUVA and at present we do not know
whether the changes in the expression of IL-6 in psori-
atic skin during PUVA treatment are primary or sec-
ondary to the normalization of the skin lesions.

Our findings provide information about differences
in localization and concentration of IL-6 in lesional
skin compared with unaffected skin, but the results
do not justify conclusions concerning the secretion of
this cytokine. Nevertheless, immunohistological tech-
niques for the detection of IL-6 may be a valuable
complement to the functional tests in describing skin
diseases and monitoring various treatment modal-
ities.
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