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Atopic dermatitis has many similarities with allergic contact
dermatitis. Previous studies have revealed delayed-type allergic reactions indicating speci¢c cell-mediated immune reactions in subgroups of patients. It has recently been
recognized that puri¢ed house dust mite major allergens,
Der p1 and Der p2 from Dermatophagoides pteronyssinus,
exhibit a proteolytic enzyme activity similar to papain and
maybe serine proteases (e.g. trypsin), respectively. This opens
the possibility that house dust mites apart from an allergic
epitope could elicit irritant reactions in atopic skin. We examined cutaneous reactivity to the puri¢ed proteins of house dust
mite antigens, Der p1 and Der p2, in 36 consecutive patients
with atopic dermatitis. We also patch-tested with trypsin and
papain, in order to see if these proteolytic enzymes could
induce irritant reactions. Twelve patients had type 1 allergy
to Der p1 and two of these had type IV reactivity to D. pteronyssinus extract. Positive reactions were observed in another
four patients, but they had also irritant reactions to papain
and trypsin, indicating that the enzymatic activity may have
elicited the reactions. The cutaneous reactivity was not linked
to total serum IgE, but the patients with speci¢c allergic patch
tests had type I reactions to D. pteronyssinus extract. Our
observations indicate that allergic patch tests towards Der
p1 and p2 are rare and that irritant reactions from D. pteronyssinus proteolytic activity may be a more common phenomenon
when patch-testing atopic dermatitis patients with house dust
mite antigen extract. Key words: Der p1; Der p2; atopic
dermatitis.
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Atopic dermatitis has many features in common with contact
dermatitis. Epicutaneous patch-testing in patients with atopic
dermatitis has shown reactions to house dust mites (1^6),
Pityrosporum orbiculare (7, 8), Staphylococcus aureus enterotoxins (9, 10), pollens (11, 12), and extracts of human dander
(13). These antigens are more or less constantly present and
could explain the chronic nature of atopic dermatitis. The
interest in contact sensitivity as a major causative factor in atopic dermatitis is supported by the observation of IgE on Langerhans' cells in epidermis and on dendritic cells in the skin of
atopic dermatitis patients (1, 14^18).
Sensitization with new antigens such as dinitrochlorobenzene, however, is decreased in patients with atopic dermatitis
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(19) and recall reactions can be elicited, although apparently
slightly reduced (20). Many irritant reactions have been
observed when patch-testing atopic dermatitis patients (21).
Various preparations of house dust mite antigens show quite
di¡erent reactivity in atopic patients (6). We therefore decided
to perform a study on cutaneous reactivity to the puri¢ed house
dust mite antigens, Der p1 and Der p2, in unselected patients
with atopic dermatitis. We included the proteolytic enzymes
trypsin and papain in the patch tests, because they may have
an enzymatic activity similar to the puri¢ed antigens of house
dust mite (22), perhaps enabling us to di¡erentiate between
speci¢c immune reactions and skin irritancy.
PATIENTS AND METHODS
Patients
A total of 36 patients were included (21 women and 15 men, age range
15^53 years, mean 28 years), all su¡ering from moderate to severe atopic dermatitis of almost lifelong duration. Eight su¡ered also from
asthma and seven from allergic rhinitis.
Allergological investigations
Prick tests were performed using the standard series from ALKABELLOè (HÖrsholm, Denmark). Histamine 10 mg/ml was used as
the positive control and the tests were read after 15 min. The European
standard epicutaneous patch-test series was from Hermal Chemie
(Hamburg, Germany).
The house dust mite patch-test series included the major allergens
from the house dust mite Dermatophagoides pteronyssinus, Der p1
and Der p2, which were puri¢ed as described elsewhere (23). The following concentrations were used: Der p1 (MW 25000) 5610 HEP (4
mM) and 250610 HEP (200 mM), Der p2 (MW 15000) 5610 HEP
(0.5 mM) and 50610 HEP (5 mM). HEP means histamine equivalent
of prick test and corresponds to the amount of allergen which is necessary for giving a type I reaction equivalent to histamine hydrochloride
10 mg/ml. The concentrations of these particular allergens were
between 5 and 250 times higher than is used in the prick test.
The enzymatic activity of Der p1 was tested by radial enzyme di¡usion at pH 7.3 into agarose gel containing 1 mg/ml of casein essentially
as described (24). Puri¢ed Der p1 has a cystein-protease activity, which
is activated in vitro after the addition of 10 mM cysteine and 2 mM
EDTA. In vivo, the enzyme activity is activated in the skin milieu.
Der p1 was found to have 33% of the enzymatic activity of papain on
a molar basis. Given the evidence that puri¢ed Der p1 has amino acid
homology with papain, actinidin and cathepsin B and H and that Der
p2 has homology with serine proteases such as trypsin and chymotrypsin (22), we also tested the patients with papain (Sigma P4762, MW
23000) 0.25% w/v and with trypsin 0.25% w/v (Sigma T2395, MW
23200), i.e. both enzymes were applied at a concentration of approximately 100 mM. The molar concentrations of enzymes and puri¢ed
allergen molecules in the solutions applied were thus in the same range.
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Table I. Results of prick and epicutaneous tests with house dust mite antigen
Pt.

IgE serum

Mite prick

Der p165
patch tests

Der p16250

Der p265

Der p2650

Trypsin

Papain

A
B
C
D
E
F
G
H

127
182
250
292
905
2910
n.d.
n.d.

1z
2z
0
2z
2z
2z
0
2z

0
1z
1z
0
1z
0
0
0

0
2z
1z
1z
0
1z
0
0

3z
1z
2z
0
1z
0
0
0

3z
1z
0
0
1z
0
0
0

0
0
ir
0
ir
ir
ir
ir

0
0
ir
ir
ir
ir
0
ir

Conclusions: Four patients with type IV reactions to D. pteronyssinus allergens. Two patients with type IV reactions to D. pteronyssinus allergens,
without irritant reactions to trypsin and papain.
All allergens and enzymes were dissolved in Soluprick solution (ALK),
sterilized by ¢ltration and kept at 4³C.
The test series were placed on the back of the patients using Finnpore
chambers. At the time of testing active eczema was not present on the
back, but could be active elsewhere. Topical glucocorticosteroids were
not used at the test sites during the preceding 3 days (minimum). Before
patch-testing, tape-stripping was done 15 times on the test area. The
tests were left for 48 h with ensuing reading at 48 and 72 h. Reactions
were graded according to the recommendations from the International
Contact Dermatitis Group.

RESULTS
Total serum IgE levels were above the normal range in 77% of
the patients. Prick tests were negative in 17/36 (47%), 9/36
(25%) had one positive prick test, whereas 10/36 (29%) had
two or more positive tests. Twelve patients (33%) had positive
prick test against house dust mite antigen. The patients were
asked not to take antihistamines 48 h prior to prick-testing
and all the patients reacted positively to histamine hydrocloride 10 mg/ml.
Six patients had positive patch tests towards the puri¢ed
D. pteronyssinus allergens (Table I). Of these six patients, four
had a positive prick test against house dust mite antigen. However, four of the patients also had irritant patch-test reactions
to papain and/or trypsin, suggesting that enzymatic activity
rather than allergenicity elicited the reactions. The clinical
appearance of the enzyme-induced patch-test responses was
characterized primarily by erythema and in¢ltration, while
the house dust mite-induced patch test reactions had erythema,
in¢ltration and vesicles.
Table II. IL-8 mRNA in epidermal scrapings from one patient
exhibiting both atopic eczema and positive patch test towards
house dust mite antigen. The patient did not react to papain or
trypsin
Location of scraping

IL-8 mRNA

Non-eczematous skin
Eczematous skin
Der p1 2506(2z)
Der p1 56(1z)
Der p2 506(1z)
Papain

0
30
10
10
10
0

Results are expressed as a ratio between mRNA for IL-8 and GAPDH,
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One patient had a single positive prick test to house dust
mite and a 2z patch test reaction towards Der p1 2506
(Table I). This patient did not show irritant reactions towards
the enzymes. On this patient we performed epidermal scraping for quantitative PCR analysis of IL-8 mRNA expression
(25). A strong upregulation of IL-8 was observed in eczematous, non-tested skin and in the patch test areas with a positive clinical reaction (Table II). The reactivity pattern of IL-8
was comparable to what is seen in other allergic patch test
reactions.
Five of twenty-¢ve patients tested had a positive type IV
reaction towards an allergen from the standard patch test series. There was no correlation with the skin reactivity towards
D. pteronyssinus allergens (results not shown).
DISCUSSION
In this series of 36 adult patients with moderate to severe
atopic dermatitis of lifelong duration, who were not selected
on the basis of being type I allergic to house dust mite, we
observed that 2 of 36 had what we would call a true allergic
type I and IV reactivity towards puri¢ed Der p1 and/or Der
p2. In one of the patients we observed an IL-8 upregulation
similar to what is found for allergic patch tests (25).
We saw positive reactions in another four patients, but
observed at the same time an irritant reaction to papain and
trypsin. Three of these patients had type I reactivity towards
house dust mite. Thus, out of 12 patients with type I allergy to
house dust mite, 2 (17%) had de¢nite and 4 (34%) possible type
IV skin reactivity. There was no correlation with total serum IgE
or with type IV reactivity towards other allergens. None of the
patients without type I allergy to Der p had type IV reactions.
Our results support previous observations of type IV allergy
towards house dust mite. The incidence of contact allergy to Der
p seems, however, to di¡er quite considerably, depending on the
composition and concentration of the materials used for testing.
This has recently been demonstrated in 313 patients with atopic
dermatitis, where 54% reacted to lyophilized puri¢ed allergen
(Bayropharm). Using extracts of whole body mites from di¡erent companies (Allergopharma-Bracco and Lofarma), 51% and
21% of the patients reacted with a positive reaction (6).
Patients with atopic dermatitis have increased sensitivity to
irritants (26), and irritant reactions occur quite frequently
when patch-testing atopic dermatitis patients. Lammintausta
et al. (21) observed approximately 33% irritant reactions
among 851 patch-tested patients and the reactivity did not dis-

Puri¢ed Der p1 and p2 patch tests in patients with atopic dermatitis
appear when the allergen concentration was diluted to 50%.
Also, van Voorst Vader et al. (5) observed irritant reactions in
29% of 21 patients with atopic dermatitis tested with house
dust mite antigens. We observed that 6/36 patients (17%)
(Table I) showed irritant reactions towards papain and trypsin.
Der p1 is a cystein proteinase in which the catalytic site is distinct from its allergenic epitopes (24). Recent studies in vitro using
bronchial mucosa demonstrated that in 3 h Der p1 0.3 mg/ml
doubled the £ow of albumin through the mucosa cells (27).
The epidermal barrier in atopic dermatitis is not normal
(26), and it is likely that house dust mites may function not only
as an allergen but also as an irritant and upregulator of proin£ammatory cytokines. A recent double-blind study on house
dust mite antigen avoidance showed an improvement in clinical disease activity (28). This could include both aspects of
allergenicity and irritancy.
Future studies on house dust mite allergy need to use wellde¢ned antigens and also well-de¢ned vehicle and patch-test procedures, perhaps including proteolytic enzymes, to distinguish
between allergenicity and irritancy. However, avoidance of house
dust mites seems bene¢cialöirrespective of this dichotomy (28).
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