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A slight epidermal damage can induce the Köbner reac-
tion in psoriasis, and the “alarmin”, interleukin-33 
(IL-33), may be involved in this process. Therefore, the 
uninvolved psoriatic skin was tape-stripped, and skin 
biopsies were collected at 0 day, 2 h and 3 days or at 0 
day, 1 day and 7 days for immunohistochemistry. Eight 
patients out of 18 with the positive Köbner reaction 
showed a decrease in epidermal thickness and revealed 
transient reduction in epidermal nuclear immunostain-
ing of IL-33 in 2-h, 1-day, 3-day biopsies compared to 
the 10 Köbner-negative patients. In keratinocyte cul-
tures, the full-length 32-kDa IL-33 was detected after 
damaging the cells with freeze-thawing. Interestingly, a 
very low concentration of rh-IL-33 (0.001–0.01 ng/ml) 
significantly stimulated 3H-thymidine uptake by human 
LAD2 mast cells, but not by psoriatic peripheral blood 
mononuclear cells. The results show that epidermal IL-
33 associates with positive Köbner response, and only a 
small amount of the IL-33 apparently released may in-
duce proliferation in dermal mast cells. Key words: IL-
33; psoriasis; epidermis; Köbner reaction; mast cell.
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Numerous different cell types are involved in the patho-
genesis of psoriasis, including T cells, antigen presenting 
cells, neutrophils, mast cells and keratinocytes (1, 2). 
Psoriasis is characterised by chronic inflammation and 
epidermal hyperplasia, and therefore epidermis and der-
mis are in close relationship in the developing lesion. An 
interesting feature of psoriasis is the Köbner reaction that 
usually develops in healthy-looking skin in 38–76% of 
patients 7–14 days after slight skin injury (3). The rupture 
of epidermis has been reported to be an initiating factor 
for the Köbner response, though dermal involvement is 
needed for lesion development (4).

The Köbner reaction can be induced by stripping the 
skin surface with an adhesive tape until slight erythema 
develops (5, 6). However, the early cellular mechanisms 

that lead to psoriatic process after mild damage in the 
epidermis are poorly known. For example, the number 
of mast cells has been reported to increase temporarily 
within 6 h after scarification and thereafter the cell 
number increased again at day 4 (7). In addition, the 
activity of mast cell chymase decreases steadily after 
tape-stripping (5). Recently, it has been demonstrated 
that the expression of nerve growth factor is upregulated 
in Köbner-positive epidermis within 24 h after tape-
stripping of uninvolved psoriatic skin (6).

Interleukin-33 (IL-33) is a relatively novel IL-1-like 
cytokine that is constitutively expressed in the nuclei of 
keratinocytes and endothelial cells. IL-33 is considered 
to be a novel alarmin that is released upon cell injury 
and thereafter alerts the immune system (8). Indeed, the 
tape-stripping of normal skin has recently been reported 
to lead to upregulation of gene expression of IL-33, 
IL-8, TNF-α, Hsp90 and Hsp70 in the epidermis at 6 h 
(9). One possible target of IL-33 is ST2-positive mast 
cells that are induced to produce a range of cytokines 
(10–12). Skin mast cells have recently been demonstra-
ted to be the cell type that express the highest levels 
of mRNA of IL1RL1, the gene for ST2 receptor (13). 
This strongly suggests that ST2 plays an important role 
when mast cells respond to IL-33 released during, e.g., 
cell injury (14). Experimental evidence obtained from 
mouse cells clearly shows that cells rendered necrotic 
by freeze-thawing, such as fibroblasts and keratinocy-
tes, can activate mast cells to release IL-6 and TNF-α 
through IL-33 and ST2 receptor (15). Furthermore, 
IL-33 expression and mast cell numbers are increased 
in the chronic psoriatic lesion (5, 10, 12, 16).

We have previously found that the mast cell expres-
sion of IL-6 is higher in skin biopsies taken from pso-
riatic patients showing the Köbner reaction (induced by 
the tape-stripping technique) compared to those without 
this reaction (17). In this work, we hypothesised that 
IL-33 is released from epidermal keratinocytes after 
damaging the skin surface leading to the initiation of a 
cascade of cellular events. 

Using the same biopsy material as previously (17), we 
now tried to clarify immunohistochemically the early 
changes in epidermal IL-33 expression after tape-strip-
ping. In addition, the purpose was to study whether there 
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are differences in IL-33 and ST2 expression between 
patients with or without Köbner reaction. Keratinocyte 
culture was used to study the expression of IL-33 in 
proliferating cells and the presence of full-length IL-33 
after cellular damage by freeze-thawing. The effect of 
IL-33 was further studied in a human LAD2 mast cell 
line as well as in peripheral blood mononuclear cells 
(PBMNCs) from psoriatic patients to see whether cell 
proliferation is affected by IL-33.

MATERIALS AND METHODS

Tape-stripping of uninvolved psoriatic skin and collection of 
skin biopsies
The study included 18 subjects (4 females and 14 males, age 
24–77 years) with chronic scaly psoriasis without pustular 
changes or erythroderma. The psoriasis area and severity index 
(PASI) score varied between 1.8 and 18.6 (17). After obtaining 
consent, the development of psoriatic lesion, i.e., Köbner reac-
tion, was induced using the tape-stripping technique described 
previously (5). Briefly, a target area, about 2.5 × 5–7 cm in 
size, on the lateral aspect of the arm was tape-stripped with 
an adhesive tape for about 30–40 times until the skin showed 
slight redness. The first (day 0) 4-mm punch biopsy was taken 
after local anaesthesia with 1% lidocaine and adrenaline from a 
skin site that was just outside of the tape-stripped area. There-
after, the study subjects were randomly divided into 2 biopsing 
groups: in the first group the 4-mm skin biopsies were taken 
from the tape-stripped skin at time points of 2 h and 3 days; in 
the second group, at 1 day and 7 days. All subjects were evalua-
ted for the development of psoriatic lesion in the follow-up visit 
about 2–2.5 weeks following the tape-stripping. The subject 
was judged to belong to the Köbner-positive group (8 subjects 
out of 18) if an identifiable reddish change, interpreted in a 
blinded fashion by a well-experienced dermatologist, could be 
seen on the tape-stripped area outside of the skin biopsy sites.

The patients had not received any effective systemic or lo-
cal treatment in the preceding month. After removal, the skin 
biopsies were immediately embedded in OCT compound (Miles 
Scientific, Naperville, IL, USA) and frozen for preparing 5 
µm-thick cryosections as described (5, 17). The methods used 
were approved by the Ethics Committee of Kuopio University 
Hospital, Kuopio, Finland.

Immunohistochemical staining of IL-33 and ST2 receptor and 
measurement of epidermal thickness
For the staining of IL-33 and ST2 the skin cryosections were 
fixed in cold acetone followed by immunohistochemistry (IHC)  
using 20 µg/ml rat anti-IL-33 monoclonal antibody (mAb) (clo-
ne 390412, R&D Systems, Abingdon, UK) or 5 µg/ml mouse 
anti-ST2 mAb (clone ST33868, Enzo Life Sciences, Lausen, 
Switzerland) and Vectastain Elite ABC kit (Vector Laboratories, 
Burlingame, CA) (5,17). IL-33 expression in the epidermis was 
analysed using semiquantitative scoring: score 1 denotes weak 
staining predominantly in the nuclei of keratinocytes; score 2 
denotes moderate nuclear staining along the whole epidermis; 
and score 3 strong nuclear staining. Since the uppermost epi-
dermis was subject to tape-stripping-induced damage, this was 
taken into consideration in the analysis. The number of ST2+ 

cells was counted in a dermal area of 1.0 mm (width) × 0.6 mm 
(depth) just beneath the epidermis. Only 0-day samples were 
analysed and the results are expressed as cells/mm2.

The thickness of the whole epidermis, from the corneal layer 
to the basement membrane zone, was measured microscopically 
at a minimum of 3 random sites/cryosection on at least 2 sec-
tions using an ocular grid and × 40 objective. Only 0-day, 2-h 
and 1-day samples were analysed for this purpose.

Measurement of IL-33 in the necrotic cell supernatant of cultured 
normal human keratinocytes
Keratinocytes were cultured from human foreskin specimens 
using keratinocyte-SFM serum-free medium supplemented 
with epidermal growth factor, bovine pituitary extract, 100 U/
ml penicillin and 100 μg/ml streptomycin (18). After obtaining 
a large number of proliferating keratinocytes in a monolayer, 
the cells were washed in PBS and rendered necrotic by repeated 
freeze-thawing as described previously (15). The stock solution 
of necrotic cell supernatant (NCS) corresponded to 20 × 106 lysed 
cells per ml of PBS. IL-33 levels in the NCS was measured using 
ELISA analysis (cataloque number DY3625, R&D Systems). In 
addition, the presence of IL-33 in the NCS was analysed by Wes-
tern blotting using 0.2 μg/ml biotinylated mouse anti-human IL-
33 antibody (BAF3625, R&D Systems) and anti-biotin-HRP at 
1:1000 dilution (Cell Signalling Technology, Boston, USA) (15).

Immunocytochemical staining of IL-33 in keratinocytes
The expression of IL-33 immunoreactivity in cultured keratino-
cytes was studied in cells grown on glass slides until subconflu-
ent; and adherent cells were fixed using 4% paraformaldehyde 
and permeabilised with 0.5% triton-X-100. After blocking with 
1% BSA in PBS, the cells were incubated overnight with mouse 
anti-human IL-33 mAb at 1:100 dilution (clone Nessy-1, Alexis 
Biochemicals, Lausen, Switzerland). Mouse IgG1 (Dako, 
Glostrup, Denmark) was used as the isotype control. Following 
thorough washing in a solution of PBS, 0.3% Triton X-100 
and 0.1% Tween 20, the cells were incubated for 2 h with goat 
anti-mouse IgG1 (H+L) Alexa Flour 488 (at dilution 1:100; 
Invitrogen, Eugene, Oregon, USA). Images were acquired 
using a confocal laser scanning microscope (TCS SP2, Leica 
Microsystems).

Stimulation of LAD2 mast cells with IL-33
The human mast cell line LAD2 was cultured using StemPro-34 
medium (Invitrogen, Carlsbad, CA, USA) supplemented with 
100 ng/ml recombinant human stem cell factor (rh-SCF) (R&D 
Systems Europe, Oxon, UK), 2 mM L-glutamine, 100 U/ml pe-
nicillin and 100 μg/ml streptomycin (19). The cells (0.5–1 × 106/
ml) were plated in incomplete StemPro-34 medium, i.e. in the 
absence of rh-SCF, and were stimulated with a dilution series of 
rh-IL-33 (R&D Systems) (as described in Results) for 2 days.

3H-thymidine (85 Ci/mmol, Perkin-Elmer, Boston, MA, 
USA) in RPMI-1640 medium (Invitrogen) was added to the 
wells, and the cells were pulsed overnight, as described (20). 
The LAD2 cells were harvested using Combi Cell Harvester 
(Skatron Instruments AS, Lier, Norway) and the radioactivity 
was analysed with a liquid scintillation counter using ULTIMA 
Gold™ liquid scintillation fluid (Perkin-Elmer) (20).

Stimulation of peripheral blood mononuclear cells from psoriatic 
patients with IL-33
Heparinised blood sample was drawn from the antecubital vein 
of 4 patients with plaque psoriasis and PBMNCs were separated 
on Ficoll-Paque by centrifugation at 1,000 × g for 10 min (20). 
PBMNCs were washed in incomplete (without serum) RPMI-1640 
medium and the cells (1 × 106/ml) were incubated with a dilution 
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series of rh-IL-33 (as described in Results) for 2 days followed 
by analysis of 3H-thymidine incorporation as described above.

RESULTS

Characteristics of Köbner-positive and -negative patients
The mean ± SD age and PASI score of the subjects in 
the Köbner-positive group (n = 8) were 46 ± 15 years 
and 8.3 ± 4.4, and those in the Köbner-negative group 
(n = 10) were 54 ± 15 years and 6.7 ± 5.0, respectively. 
There were statistically no significant differences 
between these values (unpaired t-test). Both groups 
included 2 female subjects, and 2 subjects in the 
Köbner-positive group and 3 subjects in the Köbner-
negative group reported joint symptoms.

The mean age of disease onset was 25 ± 14 and 40 ± 17 
years in the Köbner-positive and -negative groups, 
respectively (p = 0.064, unpaired t-test). However, 7 
subjects of 8 in the Köbner-positive group and only 3 
subjects of 10 in the Köbner-negative group were found 
to have a disease onset at less than 30 years.

The thickness of epidermis decreased at 2 h in the Köbner-
positive group but not in the Köbner-negative group

To see whether tape-stripping had caused a deeper injury 
in the epidermis of Köbner-positive patients, the thick-
ness of epidermis was measured in 0-day, 2-h and 1-day 
biopsies. The epidermal thickness was 0.072 ± 0.022 
mm, 0.072 ± 0.010 mm and 0.080 ± 0.024 mm in the 
Köbner-negative group, respectively, and no statisti-
cally significant changes were observed (paired t-test). 
In contrast, the epidermal thickness was 0.075 ± 0.019 
mm, 0.055 ± 0.015 mm and 0.126 ± 0.034 mm in 0-day, 
2-h and 1-day biopsies of the Köbner-positive group, 
respectively. The reduction in epidermal thickness at 2 
h was statistically significant (p = 0.0054, paired t-test), 
but the increase at 1 day was not (p = 0.12). No signifi-
cant differences in epidermal thickness were observed 
between Köbner-negative and -positive groups.

IL-33 immunostaining first decreased at 2 h, 1 day, 3 days 
and then increased at 7 days in the epidermis in the Köbner-
positive group
The epidermis can be a marked source of IL-33 and 
the cytokine is presumably released from the nuclei of 
keratinocytes upon cell injury (8, 15). Therefore, the 
staining intensity of IL-33 was evaluated semi-quanti-
tatively in the epidermis. As shown in Table I and Fig. 
1, the epidermal expression of IL-33 immunoreactivity 
decreased significantly in keratinocyte nuclei in 2-h, 
1-day, 3-day biopsies in the Köbner-positive group but 
then increased in 7-day biopsies. However the increase 
was not statistically significant. These changes are in 
clear contrast to the minor epidermal IL-33 changes in 
the Köbner-negative group (see Table I).

Full-length IL-33 is present in the supernatant after 
injury of cultured keratinocytes

Theoretically the reduction in IL-33 immunostaining 
in the Köbner-positive epidermis after tape-stripping 
can be either due to IL-33 release or to degradation by 
proteases or both. The former possibility was studied in 
cultured keratinocytes shown to express both nuclear 
and cytoplasmic IL-33 staining patterns (Fig. 2a). 
Keratinocytes were first damaged by freeze-thawing 
and subsequently IL-33 was analysed in the NCS by 
Western blotting (Fig. 2b) and ELISA (Fig. 2c). In 
the Western blot analysis, a band of approximately 32 
kDa in size corresponding to a full-length IL-33 was 
observed suggesting milieu release. Moreover, the 
cytokine with this molecular size has been reported to 
be biologically active (21).

No significant difference in the number of dermal ST2+ 
cells between Köbner-positive and Köbner-negative 
groups

IL-33 released from epidermal keratinocytes upon 
cell injury may diffuse to upper dermis and activate 
cells carrying the ST2 receptor. Therefore, ST2+ cells 
were immunostained and counted in 0d biopsies. The 
immunostaining showed cells with membrane-like 
peripheral staining pattern in the upper dermis. The 
number of ST2+ cells was 101 ± 89 cells/mm2 in the 
Köbner-negative group and 152 ± 177 cells/mm2 in the 
Köbner-positive group. However, the difference was 
not significant (p = 0.474, unpaired t-test).

Low concentration of rh-IL-33 stimulated LAD2 mast 
cell proliferation but not PBMNC proliferation

The release of IL-33 from the damaged Köbner-positive 
epidermis may result in the activation of proinflammatory 
cells, such as mast cells that are typically accumulated 
just beneath the epidermis. Therefore, the effect of a di-

Table I. The staining intensity of IL-33 immunoreactivity in the 
epidermis in Köbner-positive and -negative groups of psoriatic 
patients

IL-33 staining intensity (mean ± SD scores)

0 day 2 h 1 day 3 days 7 days

Köbner-positive
(n = 8)

1.1 ± 0.4
(n = 8)

0.6 ± 0.2*
(n = 5)

0.7 ± 0.3**
(n = 3)

0.5 ± 0***
(n = 5)

1.7 ± 0.6
(n = 3)

Köbner-negative
(n = 10)

1.5 ± 0.5
(n = 10)

1.1 ± 0.5
(n = 4)

1.3 ± 0.3
(n = 6)

1.2 ± 0.8
(n = 3)

1.8 ± 0.6
(n = 6)

p-valuea NS NS 0.009 0.031 NS
aMixed model analysis between Köbner groups.
IL-33 was analysed semiquantitatively: score 1 = weak staining predominantly 
in the nuclei of keratinocytes; score 2 = moderate nuclear staining along the 
whole epidermis; score 3 = strong nuclear staining. *p = 0.039, **p = 0.011 
and ***p = 0.012 (mixed model analysis) when comparing the scores to 
those in corresponding 0-day biopsies (within the Köbner-positive group).
NS: not significant.
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lution series of rh-IL-33 on 3H-thymidine incorporation 
into LAD2 mast cells was studied in 6 independent cell 
culture experiments. When compared to the values by 
dilution control of rh-IL-33, the 3H-thymidine incorpora-
tion was 110 ± 12 %, 131 ± 36%, 130 ± 25%, 125 ± 35%, 
98 ± 19% and 89 ± 17% at 0.001, 0.01, 0.1, 1.0, 10 and 
50 ng/ml rh-IL-33, respectively (Fig. 3). Thus, already 
very low rh-IL-33 concentration (0.001–0.01 ng/ml) 
stimulated significantly 3H-thymidine incorporation into 
LAD2 mast cells, whereas 10–50 ng/ml rh-IL-33 rever-
sed the stimulation back to the baseline level or below 
it. In contrast to LAD2 cells, rh-IL-33 did not have any 
significant stimulatory or inhibitory effect on the 3H-
thymidine incorporation into psoriatic PBMNCs (Fig. 3).

DISCUSSION

About 38–76% of all psoriatic patients show the Köbner 
reaction in uninvolved psoriatic skin within 7–14 days 
after slight skin injury (22), and this reaction type has 
previously been used in the pathogenetic studies of early 
psoriatic lesion (4–8). However, the triggering factors 
and cellular mechanisms for the Köbner phenomenon 

are still unclear (22). In this study, 8 patients out of 18 
revealed the Köbner reaction after tape-stripping as  
verified at the follow-up visit 2–2.5 weeks later. Hence, 
this percentage is within the limits reported previously, 
and no significant differences in age, sex, PASI score 
and epidermal thickness in 0-day biopsies were found 
between Köbner-positive and -negative patients. The 
Köbner reactivity may be a characteristic feature of 
some psoriatic patients or there are variations between 
subjects regarding the number of tape-strippings needed 
for similar epidermal injury. In suction blister experi-
ments, the Köbner reaction developed at sites where 
the blister roof was removed, but not in those skin sites 
where the blister roof was left intact or the blister base 
was occluded with a Finn chamber (4). In this study, 
the thickness of epidermis decreased significantly in 2-h 
biopsies of the Köbner-positive group but not in those 
of the Köbner-negative-group. However, the thickness 
returned to baseline, or the epidermis became somewhat 
thicker, in 1d biopsies in both groups. This suggests that 
a more severe transient damage to the upper epidermis 
took place during the tape-stripping of Köbner-positive 
patients. Therefore, the present finding support the pre-

Fig. 1. IL-33 expression in the epidermis during the early phases of positive Köbner reaction. IL-33 was stained immunohistochemically on cryosections 
from skin biopsies taken A) on day 0, B) on day 1, and C) on day 7 after the tape-stripping. Note, that IL-33 staining is predominantly of the nuclear type, 
and it decreases on day 1 but then reappear on day 7. In addition, cytoplasmic staining is seen in the basal layer, especially on day 1 (B).

Fig. 2. A) Human proliferating keratinocytes were stained with anti-IL-33 mAb or isotype control. Note the nuclear (middle) and cytoplasmic staining 
(left, right) patterns of IL-33. B) Full-length IL-33 is present in the necrotic cell supernatant (NCS) of keratinocytes after freeze–thawing of the cells as 
studied by Western blotting. C) IL-33 immunoreactivity is liberated and is detected in NCS as analysed by ELISA.
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viously presented conclusion that a rupture in epidermis 
can be an initiating factor to the Köbner response (4).

The subjects in the Köbner-positive group appeared 
to have a lower age of disease onset than those in the 
Köbner-negative group. Such an association has, in fact, 
been reported previously (23). Possibly there are inherent 
structural alterations in the upper or corneal layer of epi-
dermis in patients with positive Köbner response, such as 
changes in corneodesmosomal proteins or corneodesmosin 
(24, 25), which can explain a deeper damage in the upper 
epidermis after tape-stripping.

IL-33, an alarmin localised to the nuclei and cyto-
plasm of keratinocytes, is released upon cell injury 
(8, 26, the results of this study). This may reflect the 
function of IL-33, i.e. it can act both as a transcription 
factor and cytokine (8, 26). The significant decrease in 
IL-33 immunostaining in 2-h, 1-day, 3-days biopsies 
together with the decrease in epidermal thickness at 2 
h in the Köbner-positive group can reflect the release 
of IL-33 after damage of the upper epidermis during 
tape-stripping. In contrast, no marked decrease in IL-33 
immunostaining, nor decrease in epidermal thickness, 
could be noted in the Köbner-negative group. In line 
with previous studies (15, 20) the in vitro experiments 
with cultured keratinocytes subjected to cell damage by 
freeze-thawing revealed that a full-length IL-33 is present 
in the necrotic cell supernatant as detected by ELISA and 
Western blotting. This finding together with the results 
of a previous report (16) support the conclusion that  
biologically active pro-IL-33 is released after epidermal 
damage. Nevertheless it is still possible that the decrease 
in IL-33 immunostaining in the tape-stripped epidermis is 
also a result of proteolytic enzymes, e.g., caspases 1,3,7 
and serine proteinases that might cleave the antigenic 
epitope recognised by the antibody (27).

The released IL-33 may diffuse from the epidermis 
to the dermis and reach cells carrying the ST2 receptor, 

such as mast cells. The outcome can be cell activation 
and release of other proinflammatory cytokines, e.g. 
IL-6 and IL-8 (17, 28). For example, IL-33 may reach 
dermal mast cells loaded with IL-6 in the Köbner-
positive group (17). Nevertheless, there was no signi-
ficant difference in ST2+ cell numbers in 0-day biopsies 
between Köbner-positive and -negative groups, further 
suggesting that the primary difference in the IL-33-ST2 
link appears to be in the rapid change in the expression 
of IL-33. The stability of the released IL-33 protein 
may be prolonged because mast cell chymase which 
has recently been shown to degrade IL-33 (29), is par-
tially inactivated during the Köbner reaction induced 
by tape-stripping (5).

An interesting finding of our study is that a very low 
concentration of rh-IL-33, i.e. 0.001–0.01 ng/ml, indu-
ced an increase in the 3H-thymidine incorporation into 
LAD2 mast cells. No such increase in the proliferative 
response could be detected in psoriatic PBMNCs. This 
suggests that even minute amounts of the IL-33 released 
from the epidermis of the Köbner-positive group may 
induce marked activation of mast cells beneath the 
epidermis. However, higher concentrations of rh-IL-33 
(10–50 ng/ml) reversed the stimulation back to the 
baseline or even below it. This suggests that rh-IL-33 
may not only activate mast cells for proliferation but 
can also limit this activity. This conclusion is supported 
by the recent report showing that a prolonged exposure 
of human mast cells to 10 ng/ml IL-33 in vitro resulted 
in a hyporesponsive phenotype (30). Furthermore, the 
number of IL-33+ cells in the dermis of 0-day biopsies 
is significantly higher in the Köbner-negative group 
than in the Köbner-positive group, as reported by us 
recently (17), which suggests again that IL-33 may 
have a controlling effect. Alternatively, IL-33 at higher 
concentrations induces a release of substances that af-
fected the proliferative response of LAD2 mast cells.

In summary, psoriatic patients with positive Köbner 
response showed a decrease in epidermal thickness 
and a transient reduction in epidermal IL-33 immu-
nostaining after tape-stripping. Our experiments with 
keratinocyte cultures suggest that a full-length and bio-
logically active IL-33 is released from these cells after 
cell injury. It appears that a small amount of released 
IL-33 can induce marked and rapid activation of mast 
cells just beneath the epidermis. Therefore, further 
insights regarding the potential interaction between 
IL-33 and ST2 may provide a new target in designing 
therapeutics for preventing the induction of psoriasis 
development (31).
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