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Summary

Background Pityrosporum ovaie a common saprophyte on the skin capable of inducing
IgE antibody production in atopic dermatitis (AD) patients. AllergenB .afvalehave been
examined in several studies, but consensus on them is lacking.

Objective This study was carried out to obtain more information about the IgE antibody
response againgt. ovale,including mannan.

Methods Sera from 64 AD patients and 10 healthy controls were analysed with immuno-
blotting and the nitrocellulose radio allergosorbent test (RAST) method specifically
developed to detect antimannBnovalelgE antibodies.

Results In immunoblotting a total of 39 different IgE stained protein bands were seen. A
high molecular weight staining was also seen especially in patients who displayed elevated
mannarP. ovaleRAST values. The most commonly stained protein bands in immunoblot-
ting were 9 and 96 kD bands with antibodies in 73 and 65% of AD patients who had been
positive in commerciaP. orbiculare RAST with total serum IgE less than 4000 kU/I.
Mannan RAST appeared positive in 77% of them. Positive immunoblotting to either of
these bands was seen in 90% and, if added with staining with the 20 kD band, in 100% of
these AD patients. A combination of 9 kD IgE staining and manRaovaleRAST was
positive in 92% of the patients and 96 kD and manRaavaleRAST in 85% of the patients.
Conclusion 1t is evident thatP. ovalehas several allergens, the 9, 96 and 20 kD regions
being the most important. According to our results mannan is also an important alldgen of
ovale
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IgE-stained bands vary and a consensus on them is lacking
[6], due to difficulties in interpreting the results, especially
Pityrosporum ovalés the oval form of a dimorphic lipo- when autoradiography has been used. Some bands are close
philic yeast, known in its round yeast form Bsorbiculare  to each other and in one study the bands between 30 and
and in its hyphal form aMalassezia furfufl]. It belongsto 67 kD were difficult to differentiate [8].
the normal microflora of human skin [2,3], but can also act Mannan and its capacity to give rise to an IgE response is
as an allergen for patients with atopic dermatitis (AD) poorly characterized, because the methods of dete&ting
especially with head, neck and shoulder distributions ofovalemannanhave notbeen satisfactory. Itappears, however,
the dermatitis [4—6]. to be an important allergen, since in an IgE-ELISA study
Allergens of P. ovale have been examined in several with Concanavacin A (ConA)-purified mannans@dndida
studies. According to these results approximately 2QalbicansandP. ovaleas allergens, an IgE response against
different IgE binding bands can be detected on immunomannan was detected in more than 50% of AD patients
blotting [7—9]. In these reports the molecular weights of the[10,11]. Furthermore there is evident cross-reactivity
betweenP. ovale and C. albicans Radio allergosorbent
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experiments have suggested that the cross-reacting alle®. orbiculareRAST value positivex 0.35 kU/1); of these 40
genic component could be mannan [9,18&ccharomyces patients, 31 also ha8. cerevisiadRAST value> 0.35kU/I
cerevisiaeextract and purifiedS. cerevisiaeenolase have and 36 hadC. albicansRAST value> 0.35 kU/I; group 2, six
also shown allergenic cross-reactivity withGa albicans  AD patients with negativeP. orbiculare RAST value but
extract [12]. Mannans purified by ConA affinity chromato- positive C. albicansor S. cerevisiadRAST value; group 3,
graphy fromC. albicansandS. cerevisiadave been shown eight AD patients, with serum total IgE value€10 000 kU/I
to exhibit a typical diffuse high molecular weight stain on andP. orbiculareRAST value> 0.35 kUI/I; group 4, 10 AD
IgE immunoblotting [13]. Generally the mannanrfovale  patients with negative0.35 kU/l) RAST value for yeasts;
is regarded as difficult to demonstrate in immunoblottinggroup 5, 10 patients with no history of atopic diseases.
experiments as it has not been detected in the sodium
dodecyl sulphate polyacrylamide gel electrophoresisAntigens
(SDS-PAGE) gel even with a low acrylamide concentration
(5%) [9]. Therefore, the analysis of mannan has remainedhe P. ovalestrain (CBS 7854) used in the assays was
unreliable on immunoblotting. isolated from a patient by the mycological laboratory of the
In order to detect simultaneously the occurrence of IgBJniversity Central Hospital of Turku and typed and depos-
antibodies against both mannan and IgE-binding proteiRs of ited in The Centraalbureau Voor Schimmelculture, (Delft,
ovale a study using IgE immunoblotting and nitrocellulose Netherlands). The yeast was grown on agar plates on
RAST technique with chemically purified mannan was carriednedium containing reduced-fat cream supplementum
out to analyse serum samples from AD patients and controlsccording to Leeming & Notman [15]. The crude cytoplas-
mic extract was prepared with disruption of the cells in an
X-press (AB Biox, Goteborg, Sweden) chamber according
to Savolaineret al [16]. Pityrosporum ovalenannan was
purified according to the Cetavlon method of Nakajima &
Ballou [17].
Serum samples from 74 patients were analysed. All patients
were outpatients from the Department of Dermatology, . .
Universit;iD Hospital of Turku. Tﬂe selection consisted %)1/‘ SDS-PAGE and electrophoretic blotting
64 AD patients from whom a specific RAST value (Phar-Immunoblotting was performed essentially according to
macia, Uppsala, Sweden) fBr orbiculare, C. albicangnd  Bengtsonet al. as previously described [18]. A 5-17.5%
S. cerevisiadgE antibodies had been analysed previously.gradient gel was used in the assays. The optimal concentra-
The diagnosis of AD was based on the criteria of Hanifin &tion of P. ovalecrude extract was determined from experi-
Rajka [14] and was established by a dermatologist. Of thesments using different concentrations of antigen (0.8—
64 patients there were 41 females and 23 males. Age varietbhO mg/ml). As an example, protein staining with Coo-
from 4 to 64 years (mean age 31.8 years). In additionmassie brilliant blue is shown in Fig. 1(c) using an antigen
samples from 10 other patients with no history of atopicload of 12.5mg/ml. Pityrosporum ovalecrude extract
diseases were run in the experiments. The patients weid2mg for one 16-cm wide gel) and molecular weight
divided into five groups (groups 1-5) (Table 1): group 1, 40markers (Rainbow coloured protein, molecular weight
patients with AD, with serum total IgE value4000 kU/land  marker; Amersham International PLC, Amersham, UK)

Material and methods

Patient sera

Table 1. Classification of the five patient groups included in the study

IgE RAST (KU/I)

Group Number AD Total IgE (kU/l)  Pityrosporum orbiculare Candida albicans Saccharomyces cerevisae
1 40 Yes <4000 >0.35(= 40) >0.35 (1 = 36) >0.35 0= 31)

2 6 Yes <4000 <0.35n(= 6) >0.35 = 6) >0.35 = 2)

3 8 Yes >10000 >0.35(= 8) >0.35 1= 8) >0.35 1= 8)

4 10 Yes <4000 <0.3,(= 10) <0.35 0 = 10) <0.35 (1 = 10)

5* 10 No Not known Not known Not known Not known

*Non-atopics.
AD, Atopic dermatitis; RAST, radio allergosorbent test.
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Fig 1. (a) and (b) Immunoblot analysis for specific IgE antibodies against antigdpisyobsporum ovaleNumbers 1—-40 are patients in

group 1 (atopic dermatitis (AD) patients, with serum total IgE valu©00 kU/I andP. orbiculare radio allergosorbent test (RAST) value
positive); numbers 41—-46 are patients in group 2 (AD patients with nedativebiculareRAST value, but positiv€andida albicanor
Saccharomyces cerevisi&AST values); numbers 47-54 are patients in group 3 (AD patients, with serum total IgE>VAELE@O0 kU/I

and positiveP. orbiculareRAST value) and numbers 55—-64 are patients in group 4 (AD patients with negative RAST value for yeasts).
There were no bands on immunoblot in group 5 (patients with no history of atopic diseases). (c) Coomassie brilliant blue stained sodium
dodecyl sulphate polyacrylamide gel electrophoresis with 12.5 mg/rolvalecrude extract.
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were diluted with water and Tris-buffer, adjusted to pH 6.8,were cut from nitrocellulose sheets (pore size Q.22
containing 2% (w/v) SDS and 10% (w/v) glycerol. The Schleicher & Schuell). The optimum concentration for
samples were incubated for 5min at 300without reduc- mannan absorption to the discs was sought from the con-
tion and then separated with SDS-PAGE in a 5-17.5%entration series from 0.0039 to 1 mg/ml. According to
gradient gel overnight according to Laemmli [19]. Sepa-these experiments 0.15mg/ml was selected. The discs
rated antigens were then transferred to nitrocellulose sheetgere incubated for 2h at 3C in a shaker. After three
(Schleicher & Schuell, Dassel, Germany) in a Transphomwashes with PBS-Tween the discs were blocked by incuba-
apparatus at 1.0 A for 1.5h (Hoefer, San Francisco, USAJion for 1 h with PBS-Tween in a shaker at°87. The discs

according to Towbiret al [20]. were set in RAST tubes, one disc in each tube, ang 50
non-diluted serum samples was applied on the discs to be
IgE antibody detection incubated at 4C overnight. They were then washed three

times with 0.9% NaCl Tween 20 artd”-labelled anti-lgE
The specific IgE binding of the allergens on nitrocellulose(KabiPharmacia) was added to be incubated for 2 h ¥ 37
was identified as described [18]. Nitrocellulose strips wereFinally, the discs were washed three times with NaCl Tween
firstincubated in PBS-Tween 20 0.5% for 1 h and thereafteaind radioactivity bound to the discs was detected by a gamma-
overnight at 20C with the patients’ sera, diluted to 1:4 in counter (LKB Wallac, Turku, Finland). The results were
PBS-Tween. After three washes with PBS-Tweéfi)-  expressed as a mannan RAST index: [sample (c.p.m.) —
labelled anti-IgE antibodies (Pharmacia CAP Systemspuffer (c.p.m.x10%)/[total activity (c.p.m.) — buffer (c.p.m.)].
RAST RIA, Kabi Pharmacia Diagnostics, Uppsala,
Sweden) diluted 1:10 in PBS-Tween were added an
incubated for 4h at 2€ with the strips. Thé*3-labelled
bands were visualized on a Trimax X-ray film in a cassetteThe staining intensity of the high molecular weight region
with intensifying screens (Trimax XM, 3M, Italy) after of each individual strip was measured by a densitometer
storage at-70°C prior to developing. (Bio-Rad, CA, USA). The values obtained were presented in

optic density (OD) for statistical analysis.

Gbensitometry

P. ovalemannan-RAST

A modification of the previously described RAST Statistics

method used to detedE. albicans mannan by Nermes Spearman’s rank correlation test was used for statistical
et al. [21] was applied. Discs of a diameter of 5.5mm analysis of correlations in Figs 4—6.
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Fig 2. Summarized histogram of the IgE-binding protein bands from 40 atopic dermatitis patients in group 1. Molecular weight (kD) of
protein bands stained on immunoblotting against the percentage of patients who displayed positive IgE staining.
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Table 2. IgE response against differerRityrosporum ovale only had positiveC. albicansRAST values. Three of these
antigens. patients showed one weak band each. Two of these six
patients also had positiv®. cerevisiadRAST values. Both

of them stained®. ovalestrongly on immunoblots, one in

e . Lo
'9E-binding allergens oP. ovale Patients positive (%) the 96 kD and the other in the 22 kD region. In the group
9 kD 73 including patients who had positive. orbiculare RAST

96 kD 65 values and total IgE value 10 000 kU/I (group 3), dark,

9 kD and/or 96 kD 90 rather homogeneous staining and polyspecific response
9, 96 and/or 20 kD 100 against several bands, difficult to interpret, were seen. The
P. ovalemannan 77 immunoblots of the yeast RAST negative atopics (group 4)
Mannan and/or 9 kD 92 and non-atopic controls (group 5) were completely negative
Mannan and/or 96 kD 85 in staining.

Mannan and/or 20 kD 85 The IgE response was directed against 39 different

protein bands in group 1.Two major allergens (over 50%
Atopic dermatitis patients with positive commeckl orbiculare  of patients reacting) were found, 9 kD (73%) and 96 kD
radio allergosorbent test and total serum fg#000 kU/lincluded.  (65%). When samples which displayed IgE staining to 9 and
96 kD bands were counted together it appeared that 90% of
the patients in group 1 were positive (Table 2). If the
positive staining to the 20 kD band was added, each patient
in group 1 could be traced. The most important intermediate
allergens (10-50% of patients reacting) were the 20kD
IgE immunoblots of the atopic patients (groups 1-4) are(45%), 22kD (45%), 27 kD (42%), 40kD (42%), 42kD
presented in Fig. 1(a) and 1(b) and summarized according t88%), 50kD (38%), 52 kD (30%), 73kD (42%), 115kD
the molecular weights in Fig. 2. Each of the 40 patients with(35%), 140 kD (27%) and 150 kD (25%) bands.

AD and positiveP. orbiculare RAST values and total IgE Correlation withP. orbiculareRAST and low molecular
under 4000 kU/I (group 1) was positive in immunoblots weight immunoblotting was not significantr £ 0.26,
usually staining several bands. The AD patients who had® = 0.1). However, for example four patients (nos 3, 11,
negativeP. orbiculare RAST values, but positiv€. albi- 16 and 22) who were positive witR. orbiculare RAST
cansands. cerevisia®AST values (group 2), showed some stained the 9 and 96 regions without evidence of mannan
single positive IgE-binding bands. Four of the six patientsstaining.

Results

Immunoblotting
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Fig. 3. Pityrosporum ovalenannan radio "
allergosorbent test (RAST) index values of . : a
different study groups. The short lines mm H
represent mean values. Group 1, mean 6.0, 001 . s mEEEE
SD = 8.9; group 2, mean 0.97, SB2.1;
group 3, mean 17.8, SB 11.7; group 4,
mean 0.060, SI> 0.046 and group 5, 1 2 3 4 5
mean 0.013, SE: 0.014. Group
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indices of the 40 atopic dermatitis patients
ingroup 1 ¢ =0.42,P <0.01).
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Mannan RAST values fdét. ovale In group 1, 31 of 40 (77%) patients display®d ovale
erHannan RAST> 0.35 kU/I. If this mannarP. ovaleRAST

S 7= résult was combined with the positive 9 kD immunoblot
in Fig. 3. TheP. ovalemannan RAST indices were clearly staining, 92% of patients in group 1 were positive. If the

elevated irP. orbiculareRAST positive p.at|ent groups with combination of positive results with the 96 kD band was
both moderate (group 1) as well as high (group 3) Seruml - ared. 85% in aroun 1 were positive (Table 2)
total IgE values. Patients with very high total serum IgE b ' o 1h group P '

level showed the highest mannan RAST values. A signifi-hi VthnrglglciTgfr:/ngiT d\i/f?lljiis S\{[va(?rr]e oﬁ‘ownpn?[;%g;’:t?inthe
cant correlation (= 0.42, P < 0.01) between serum total 9 9 9

IgE andP. ovalemannan RAST index was seen (Fig. 4). assessed by densitometer, a highly significant correlation

However, occasionally high mannan RAST index5| (r =0.73,P < 0.001) between them was found (Fig. 5).

. Serum total IgE also correlated with the high molecular
values were found with serum IgE below 1000 kU/I andv'/eight staining, but to a lesser degree<(0.43,P < 0.01).

The mannan RAST results in the study groups are present

also patients with negative mannan RAST had elevated tota

The patients with negativé®. orbiculare RAST but

IgE (>2500). positive RAST forC. albicansor S. cerevisiaehad low
16 P. ovalemannan RAST indices. The relationship of com-
mercialC. albicans S. cerevisia@andP. orbiculareRAST
1.4 " were further compared with. ovalemannan RAST (Fig. 6).
Poor correlation (= 0.14, P = 0.39) was seen between
12 commercial P. orbiculare RAST and mannan RAST
1 (Fig. 6a). Several patients who had negative mannan
RAST displayed high value of commercial RAST due to
Q 0.8 P. orbiculare protein specific antibodies. Such a phenom-
"a enon is not seen with other yeasts and the correlations
06~ betweenP. ovalemannan RAST and commerciél. albi-
04 Iy cans (r =0.22, P=0.17) (Fig. 6b) andS. cerevisiae
= (r =0.27, P =0.09) RAST values (Fig. 6¢) were better
02 my ", but still poor.
O'E L \ \ \ \
0 10 20 30 40

Discussion

P ovale mannan RAST index

Fig. 5. The correlation between densitometer results (O.D.) andPityrosporum ovalés a common saprophyte of man colo-
Pityrosporum ovalemannan radio allergosorbent test (RAST) hizing primarily the sebaceous areas of the skin [2,3]. In AD
indices of the 40 atopic dermatitis patients in groug :(0.73,  patients it has been detected in 40—70% of patients. Atopic
P <0.001). dermatitis in the head, neck and shoulder region has been
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connected with immediate hypersensitivity to yeasts, espes0% of the IgE-positive patients had a response. In two
cially to P. ovale S. cerevisiaeand C. albicans[4—-6].  other studies the low molecular weight allergens were
Atopic dermatitis patients suffering from severe, wide-estimated to be in the 10 or 13 kD bands [8,9]. The 73 kD
spread dermatitis also commonly have elevated total IgkEntermediate allergen band (42%) was also quite close to the
levels and specific IgE antibodies to yeasts. 72 kD band (40%) found by Jensen-Jarokmal [7]. The
According to earlier studies focusing on the IgE-binding20—27 kD region is more complex. In our study the most
allergens ofP. ovale in total 20 bands have been detected.important allergenic bands binding Ig& 40%) were 20, 22
In our study we found 39 different IgE-binding bands. Oneand 27 kD bands. Johansson & Karlstr¢8] found 21 kD
major allergen appeared in the 9 kD band, which is in(43%) and 28 kD (57%) bands [8] and, according to Savo-
agreement with the results presented by Jensen-Jarolifainen & Broberg [9], IgE staining was seen against 23 and 26
et al [7]. They also found the 9 kD band against which kD bands. In this region the main band in Jensen-Jarolim’s
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study was 25 kD. It is likely that at least some of these bands The immunopathogenetic importanceRofovalemannan
represent the same allergens. The main allergen reported lry AD is not clearly known. Clinical studies to confirm its
Johansson was a 67 kD band, the closest corresponding basignificance are needed. The cross-reactivity of anti-mannan
in our study was 73 kD intermediate allergen. IgE antibodies should also be examined wkh ovale
The total number of allergens in earlier immunoblotting mannan and other yeasts. The stabilityPobvaleallergens
studies has been amazingly low. Figure 1 clearly shows thaduring storage should be analysed before starting clinical
the resolution was adequate to distinguish bands with 1 kDesearch.
intervals, especially below 50 kD. On the other hand, the
cut-off level for allergen bands in SDS-PAGE in the two Acknowledgements
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