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Summary

Background Recent cytokine (RT-PCR, ELISA) analyses of inflammation in atopic

dermatitis (AD) have suggested a role for IL-4, IL-5 and IFNg. Pityrosporum ovale and

Candida albicans are important allergens in some patients with AD of the seborrhoic head,

neck and shoulder region. In AD patients, the saprophytic yeasts induce IgE responses

while they usually induce TH1 type responses. The cytokine responses induced by yeasts in

AD are sparsely investigated.

Objective To characterize the P. ovale- and C. albicans-specific and non-specific

humoral, lymphoproliferative and cytokine (IL-2, 4, 5 and IFNg) responses in AD.

Methods Fifteen AD patients and seven healthy controls (HC) were included. Ficoll-

isolated PBMC were stimulated by PHA and laboratory-generated extracts of P. ovale and

C. albicans. Lymphocyte proliferation was measured by 3H-thymidine incorporation and

cytokine production by sandwich-ELISAs. The antigen-specific IgG and IgE antibodies

were analysed by ELISA and nitrocellulose RAST.

Results Pityrosporum ovale- and C. albicans-specific IgE (both P , 0.001) and P. ovale-

induced PBMC proliferation (P , 0.02) were elevated in AD. In general, the IL-4/IFNg
ratio induced by P. ovale was higher than that induced by C. albicans (P , 0.01). The

PHA-induced IL-2 (P , 0.05) and IL-4 responses (P , 0.005), and the C. albicans-

induced IL-5 response (P , 0.02) and IFNg response (P , 0.01), were elevated in AD. A

network of correlations was seen between serum total and the yeast-specific IgE, P. ovale-

specific lymphoproliferation, PHA-induced IL-2, IL-4 and IL-5, and C. albicans-induced

IL-5.

Conclusion The cytokine profiles found in this study support the role of TH0 or TH1 cells

by the side of TH2 cells in the pathogenesis of atopic dermatitis. Pityrosporum ovale

appears to be associated more with IL-4 responses and C. albicans with IFNg responses.

Keywords: Pityrosporum ovale, Malassezia furfur, Candida albicans, atopic dermatitis,

IL-2, IL-4, IL-5, IFN-g, IgE, IgG

Clinical and Experimental Allergy, Vol. 31, pp. 125±134. Submitted 22 March 1999;

revised 12 June 1999; 9 May.

Introduction

The role of environmental allergens in AD has remained

disputed, although foods and house dust mite, especially in

children, have been accepted as important pathogenic

factors. In AD involving the seborrhoic regions of the skin,

head, neck and shoulder region, saprophytic growth and

hypersensitivity to Pityrosporum ovale have been found, as

well as some improvement of eczema by antifungal

treatment [1,2,3].

Previous studies suggested that in AD, general hyper-

sensitivity to yeasts and saprophytic growth of Candida

albicans has clinical significance. A connection was

demonstrated between saprophytic C. albicans growth,
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and sensitization and severity of the eczema [4]. Further-

more, it was shown that P. ovale and C. albicans cross-

react at the IgE level; these findings were later confirmed

by other studies [5,6,7].

The human CD41 T-cells, T-helper-lymphocytes (TH),

have been divided into subtypes TH0, TH1 and TH2, based

on their cytokine production. The production of IgE

antibodies and the immediate hypersensitivity are gener-

ated via the TH2 cells, producing IL-4 and IL-5, whereas

the delayed-type hypersensitivity and cellular immune

responses are generated via the TH1 cells, producing IFNg
and IL-2. The cytokine profiles of TH clones in AD have

revealed mostly TH2-type cells and in contact dermatitis,

mostly TH1-type cells [8,9,10]. Also, it has been shown that

in allergen-specific skin-derived T-cell clones, IL-10

secretion correlates positively with the release of IL-4

and IL-5 [11]. Recently, however, direct mRNA measure-

ments from atopic skin and PBMC, ELISA analyses from

peripheral blood in antigen-specific and polyclonal models

have given a non-uniform perspective of a more complex

network of cytokine production, suggesting a role for IFNg
in the late phase reactions [12±17].

Candida albicans is a classical recall antigen inducing

TH1 type immune responses and cell-mediated immunity

which is crucial in retaining the yeast growth as saprophytic

instead of invasive and infective [18]. The type and

frequency of the immune responses elicited by P. ovale in

atopic and normal subjects have been characterized in only

a few studies [19±21]. In AD with head, neck and shoulder

distribution, a continuous exposure to yeasts exists which

induces an immune response against these saprophytes.

This is likely to contribute to a different type of immune

response in which both TH1 and TH2 responses are

expected because of the controlled saprophytic fungal

growth and the yeast-specific IgE.

The present study was performed in order to characterize

the cellular and humoral immune responses, and the

cytokine responses of PBMC, induced by P. ovale and

C. albicans antigens in AD and healthy controls.

Materials and methods

Patients

The patients participating in the study were outpatients

from the Department of Dermatology of the University

Central Hospital of Turku, Finland. Fifteen patients had

atopic dermatitis (AD), established by a specialist in

dermatology according to the criteria of Hanifin and Rajka

[22]. Seven controls with no history of allergic diseases or

atopic dermatitis were included. The ages and genders of

the patients are shown in Table 1. A heparinized blood

sample and a serum sample were taken.

Preparation of antigens

Strain CBS 7854 of Pityrosporum ovale was isolated from

the scalp of a patient with seborrhoeic dermatitis at the

Department of Dermatology by the mycological laboratory

of the University Central Hospital of Turku, and typed and

deposited in CBS (Centraalbureau Voor Schimmelculture,

Delft, Netherlands). It was cultured for one week on agar

plates on the reduced fat cream supplemented medium of

Leeming and Notman as previously described [23,24]. The

crude cytoplasmic extract of the yeast cells was prepared

after disruption in an X-press as previously described [24].

A corresponding crude cytoplasmic antigen of C. albicans

was a C. albicans In House Reference preparation (IHR) of

the Department of Clinical Allergology of Turku Uni-

versity, used in clinical studies and as an internal standard

antigen of C. albicans [25]. The characterization of the

allergenic compositions of these extracts has been described

earlier [24,25]. Both extracts were dialysed and stored in

lyophilized form. The extracts were found to be free of

endotoxin contamination by E-Toxate kit (Sigma, St Louis,

MO, USA). Phytohemagglutinin (PHA), a mitogen, was

purchased from Difco Laboratories (Detroit, MI, USA).

IgE and IgG determinations

The antigen-specific IgE antibodies were analysed by

nitrocellulose RAST, and antigen-specific IgG antibodies

with ELISA, as previously described [26]. IgG values were

presented in optical density and IgE values were presented

as indexes, counted as previously described (specific cpm ±

blank cpm/total cpm ± blank cpm) [27]. Serum total IgE

was analysed by commercial RIA and expressed as kU/L

(Pharmacia IgE RIA, Uppsala, Sweden).

PBMC stimulations in vitro

Peripheral blood mononuclear cells (PBMC) were isolated

from heparinized whole blood with Ficoll (Ficoll-Hypaque,

Amersham Pharmacia Biotech, Uppsala, Sweden) gradient

centrifugation as previously described [28]. The mono-

nuclear cells were suspended, after washing, in RPMI

(Gibco, Life Technologies, Paisley, UK) supplemented

with 10% human AB serum, 2 mm l-glutamine (Gibco),

100 U/mL penicillin and 100 mg/mL streptomycin (Nord-

vacc Media SkaÈrholmen, Sweden). The cell suspension was

diluted in the culture medium to 106 cells/mL and applied

to culture plates (Nunclon, Rosekilde, Denmark) together

with the antigens. The 96-well plates, 100 mL suspension/

well in triplicate, were used for proliferation assays and 24-

well plates, 400 mL suspension/well in duplicate, for

collection of supernatant fluids for cytokine ELISA. The

cultures were incubated at 37 8C, in a humidified atmo-

sphere with 5% CO2, for up to 7 days. In the proliferation
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assay, tritium-labelled thymidine (Amersham, UK) was

used in the culture medium during the last 18 h, and the

incorporated radioactivity in the cells was measured at

5 days for antigen stimulation and at 3 days for PHA

stimulation. For cytokine ELISA, the culture supernatant

fluids were collected after 24, 66 and 96 h of incubation for

antigen stimulation, and after 24 and 66 h of incubation for

PHA stimulation.

Cytokine determinations by ELISA

Cytokines released by PBMCs were measured by cytokine-

specific ELISA in 96-well, flat-bottomed microtitre plates

(Nunc-Immuno Plate Maxisorp, Rosekilde, Denmark) as

described previously [28], with slight modifications. For

IL-4, the capture antibody was made of a polyclonal goat

anti-IL-4 antiserum (R & D Systems Europe Ltd, Abingdon,

UK), 5 mg/mL, and the tracer antibody of the anti-IL-4 rat

mAb 11B4 diluted at 2 mg/mL. Calibration curves consisted

of serial dilutions of purified recombinant IL-4 (Genzyme

Diagnostics, Cambridge, MA, USA). A horseradish peroxi-

dase-conjugated goat anti-rat Ig (Tago Inc., Burlingame,

CA, USA) diluted 1/5000 was used for labelling. The

ELISA used the mAb A35 2.0 mg/mL and the biotinylated

mAb B27 1.0 mg/mL as capture and tracer antibodies,

respectively. Calibration curves were made with serial

dilutions of purified recombinant IFNg (Genzyme Diag-

nostics). A streptavidin±alkaline phosphatase conjugate

(Tago) diluted 1/5000 was used for labelling. The anti-IL-4

and anti-IFNg antibodies were provided by Drs Jan E

deVries and J Banchereau. IL-2 (Genzyme Diagnostics)

and IL-5 (Pharmingen, San Diego, CA, USA) concentra-

tions were analysed by commercially-available antibody

pairs and standard kits for ELISA. The detection limits for

the cytokines were 25 pg/mL for IL-2, IL-4 and IFNg, and

12.5 pg/mL for IL-5.

Statistical analysis

The Mann±Whitney U-test was used for unpaired compari-

sons, the Wilcoxon Signed Rank test was used for paired

comparisons and the Spearman's Rank Order correlation

test was used for correlation analyses.

Results

IgE and IgG responses (Tables 1 and 3)

Serum total IgE concentration (S-IgE) was clearly higher in

AD patients compared with controls (P , 0.002) (Table 1).

Also, C. albicans- and P. ovale-specific IgE was signi-

ficantly increased in AD patients compared with healthy

controls (both P , 0.001) (Table 1). In total, P. ovale was

a stronger inducer of the IgE responses (P , 0.05) and

C. albicans more strongly induced IgG responses

(P � 0.02) (Table 3). On the other hand, there were no

significant differences in C. albicans- and P. ovale-specific

IgG levels between the groups (Table 1).

Lymphoproliferative responses (Fig. 1 and Tables 2 and 3)

Lymphocyte stimulations were carried out using different

concentrations of C. albicans and P. ovale antigens to find

optimal concentrations for further studies (Fig. 1). Signifi-

cant stimulation was initiated by both yeasts. The curve for

median cpm (counts per minute) values reached the highest

point at a concentration between 100 and 1000 mg/mL with

C. albicans and at a concentration between 10 and 100 mg/

mL with P. ovale. Comparison of the maximal stimulation

indices in patient groups is shown in Table 2. There were

no differences in unstimulated proliferations between the

study groups. In AD patients, stimulation indices for P.

ovale (P , 0.02) and marginally for C. albicans

(P � 0.05) were significantly higher than in the group of

healthy controls. Candida albicans-induced proliferation

was higher (P , 0.02) than that induced by P. ovale in

healthy controls (Table 2), while no differences were seen

in AD patients (Table 2) or the total study population

(P � 0.08, Table 3). The stimulation index values induced

by PHA did not differ significantly between the groups.

Cytokine responses (Figs 2 and 3)

Figure 2 presents the kinetics of the spontaneous and PHA-

induced cytokine responses in the study groups. IL-2 and

IL-4 show peak responses at 24 h, and IL-5 and IFNg at

66 h. IL-2 secretion was significantly higher (P , 0.05) in

AD patients than in healthy controls (HC) at 24 h, and IL-4

production at 66 h (P , 0.005). For IL-5 and IFNg pro-

duction, there were no significant differences between the

study groups. The unstimulated IFNg responses were

significantly higher in the AD patients at 66 (P , 0.02)

and 96 (P , 0.05) h.

In the analysis of the cytokine production, C. albicans

was used at a concentration 300 mg/mL and P. ovale at

50 mg/mL, based on previous titrations (Fig. 3). The C.

albicans-induced IL-5 production was significantly higher

in the AD patients at 24 (P , 0.05) and 96 (P , 0.02) h

compared with the healthy controls. Candida albicans-

induced IFNg secretions were higher in the AD patients

than in the healthy controls at 24 h (P , 0.01).

Comparison of the peak net cytokine production induced

by C. albicans and P. ovale is presented in Table 3. The

P. ovale-induced IL-4 production was significantly higher

than that induced by C. albicans (P , 0.02), whereas the

C. albicans-induced IFNg production was significantly

higher than that induced by P. ovale (P , 0.05). The
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IL-4/IFNg ratio induced by P. ovale was consequently

higher than that induced by C. albicans (P , 0.01).

Correlations (Table 4)

The relationships between PHA-induced net production of

different cytokines were examined by comparing them in pairs

in the total study population. The most significant correlation

was seen between IL-4 and IL-5 production (r � 0.52,

P , 0.02); in addition, IL-2 correlated significantly with IL-

4 (r � 0.50, P , 0.03) and IL-5 (r � 0.46, P , 0.05).

Further significant correlations are shown in Table 4. A

network of correlations was found between serum total and the

yeast-specific IgE, P. ovale-specific lymphoproliferation,

PHA-induced IL-2 and IL-4, and C. albicans-induced IL-5.

Discussion

This comparison of yeast-specific immune responses in AD

revealed an interesting dichotomy of the studied yeasts.

Pityrosporum ovale was a stronger inducer of responses

associated with immediate hypersensitivity and TH2-like

responses, such as specific IgE and IL-4. Candida albicans

on the other hand was a stronger inducer of TH1-associated

responses, such as specific IgG, IFNg and lymphoproli-

feration in healthy individuals. Interestingly, P. ovale

induced a strong lymphoproliferation in AD and a weak

one in healthy individuals. Serum total IgE and PHA-

induced IL-2 and IL-4 were elevated, confirming earlier

findings in AD. In addition, C. albicans-induced IL-5 and

IFNg were elevated in AD patients. A network of corre-

lations was seen between serum total and the yeast-specific

IgE, P. ovale specific lymphoproliferation, PHA-induced

IL-2 and IL-4, and C. albicans-induced IL-5, suggesting

these to be associated with AD.

Intensively elevated total IgE concentration in serum and

the appearance of IgE in skin lesions are typical features of

atopic dermatitis [29]. Correlations could be found between

Table 1. The study patients and controls humoral responses

IgE IgG

Group Sex* Age² Total³ P. ova§ C. alb§ P. ova¶ C. alb¶

Atopic F 35 6450 64.0 47.7 0.11 0.11

dermatitis F 38 2570 71.3 17.9 0.99 0.73

(AD, n � 15) F 28 2460 46.3 7.9 0.17 1.47

M 39 5320 65.2 34.3 0.23 0.31

F 37 920 49.0 2.7 0.38 0.34

M 26 4440 23.5 27.7 0.14 1.16

F 50 2080 37.3 7.7 0.11 0.16

M 19 3560 39.4 2.2 0.23 0.21

F 36 170 1.2 0.67 0.15 0.52

F 36 5150 56.5 14.3 0.13 0.50

F 29 520 2.0 5.0 0.25 0.34

M 43 380 2.3 , 0.4 0.14 0.36

M 27 570 5.4 62.2 0.43 0.63

F 29 820 3.8 , 0.4 0.11 0.19

F 32 360 , 0.4 , 0.4 0.23 0.11

Median 35 2080 37.3 7.7 0.17 0.34

Healthy controls M 35 20 , 0.4 , 0.4 0.18 0.10

(HC, n � 7) F 25 25 , 0.4 , 0.4 0.21 0.58

F 26 95 , 0.4 , 0.4 0.15 0.40

M 26 9 , 0.4 , 0.4 0.14 0.39

M 25 3 , 0.4 , 0.4 0.08 0.08

F 56 2 , 0.4 , 0.4 0.51 0.16

F 34 8 , 0.4 , 0.4 0.36 0.78

Median 26 9 0.01 0.01 0.18 0.39

Mann±Whitney U-test AD vs HC , 0.002 , 0.001 , 0.001 n.s. n.s.

*F � female, M � male; ²years; ³kU/L; §index (see material and methods); ¶optical density.
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serum IgE levels and mitogen-induced IL-2 and IL-4

production in vitro. This is in concordance with previous

findings in atopic children whose serum IgE correlated with

the ratio of in vitro IL-4/IFNg production in PHA-

stimulated PBMC cultures [30]. It had earlier been

demonstrated that high C. albicans- and P. ovale-specific

IgE levels are typical for head, neck and shoulder

dermatitis (HNSD) [1,4,31,32]. In the present study, they

correlated, as did serum total IgE, with P. ovale-induced

lymphoproliferation and C. albicans-induced IL-5. Further-

more, the P. ovale-induced lymphoproliferation and C.

albicans-induced IL-5 were also elevated in AD patients,

suggesting that all these responses are involved in the

pathogenesis of eczema.

No statistical differences iwere seen n mitogen-induced

lymphocyte proliferations. This was in accordance with

some previous observations and contrary to others showing

reduced mitogen-induced lymphocyte proliferation and

IFNg production in cultures of PBMC from patients with

and without ad [33,34]. However, the elevated P. ovale-

specific proliferative responses in AD patients are in line

with previous observations by Rokugo et al. [19]. On the

other hand, it has earlier been reported that C. albicans-

induced lymphoproliferative responses are suppressed in

atopic dermatitis [35].

IL-4 levels were elevated in mitogen-activated PBMC

cultures of the AD patients. IL-4 is clearly connected to AD

as shown by the fact that IL-4-producing, allergen-specific

TH2 or TH0 clones accumulate in lesional skin and patch-

test skin in patients with atopic dermatitis [9,10,36]. The

correlation of IL-2, IL-4 and IL-5 production suggests that

these cytokines form a cascade of cytokines induced in the

course of developing chronic inflammation. Initiation of

acute skin inflammation in AD has been shown to be

associated with a predominance of IL-2 and IL-4 expres-

sion [13,17,37]. In the delayed phase reaction, IFNg pro-

duction predominates and maintenance of chronic

inflammation is associated with increased IL-5 expression

and eosinophil infiltration [13,17,37,38]. Accordingly,

P. ovale growth and exposure on the skin would mainly

induce IL-2 and IL-4, initiating acute skin inflammation

and contributing to IgE synthesis. Candida albicans on the

other hand would induce IFNg and IL-5, leading to late

phase reaction and chronic inflammation associated with

eosinophilia.

The explanation for these diverse and partly contro-

versial findings may be that HNSD, an AD where yeasts are

involved, differs from other AD because of continuous

fungal exposure. In fact, this study suggests that continuous

fungal exposure may induce both TH1- and TH2- like

responses, as both elevated IgE and lymphoproliferation

were seen in parallel. Pityosporum ovale was a stronger

inducer of IL-4 production than C. albicans and, accordingly,

Table 2. The study patients and controls, lymphoproliferative

responses

Stimulation index*

Group PHA P. ova C. alb

Atopic 133 23.9 42.9

dermatitis 1606 75.4 144

(AD, n � 15) 794 86.0 18.3

515 6.4 15.6

899 140 80.2

480 3.7 21.8

291 3.7 8.1

527 85.7 30.9

2193 78.2 82.0

335 18.8 23.3

378 68.2 37.5

696 35.6 70.6

278 16.9 60.2

820 18.0 52.5

959 1.5 4.4

Median 696 23.9 37.5

Healthy controls 770 21.4 60.1

(HC, n � 7) 454 1.8 10.3

441 14.0 54.5

301 1.7 3.2

182 1.8 7.5

586 4.1 6.7

390 1.5 5.7

Median 441 6.6 7.5

Mann±Whitney U-test

AD vs. HC n.s. , 0.02 � 0.05

*Stimulation index � stimulated cpm/unstimulated cpm.

Table 3. Comparison of Candida albicans- and Pityrosporum

ovale-specific IgE, IgG, lymphoproliferative and peak net

cytokine responses (pg/mL) (n � 22)

C. albicans P .ovale

Mean SD Mean SD WSR test*

IgE (index) 10.5 17.4 21.2 26.5 P , 0.05

IgG (optical density) 0.44 0.35 0.25 0.20 P � 0.02

Stimulation index 38.2 35.1 32.0 38.6 P � 0.08

IL-2 (pg/mL) 72.3 112.5 40.5 77.6 n.s.

IL-4 (pg/mL) 38.4 27.5 60.5 52.3 P , 0.02

IL-5 (pg/mL) 30.0 25.2 22.2 28.2 n.s.

IFN-g (pg/mL) 60.9 66.4 31.6 53.7 P , 0.05

IL-4/IFN-g 1.38 1.68 3.10 3.40 P , 0.01

*Wilcoxon Signed Rank test.
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with reciprocal regulation of these cytokines, C. albicans

was a stronger inducer of IFNg than P. ovale. As both TH1-

and TH2-type immune responses seem to be involved in the

immunopathogenesis, it is likely that P. ovale is predomi-

nantly inducing the TH2-like response and C. albicans

mainly the TH1-like response.

The results of the present study on P. ovale-induced TH2

responses are in line with findings of a recent study of five

patients with AD and specific IgE antibodies against P.

ovale [40]. The freshly-isolated PBMC of the patients were

incubated in the presence of different antigen concentra-

tions of P. ovale and the results were compared with five

healthy non-atopics. Incubation of the PBMC of the atopics

led to an elevated synthesis of the TH2-related cytokines,

IL-4 and IL-10, in concordance with the present observa-

tions. In another recent study, P. orbiculare-reactive T-cell

clones isolated from P. orbiculare patch tests or lesional

skin were mainly TH2- type cells, whereas T-cell clones

from peripheral blood were mainly TH1 clones [41].

The route of exposure, gastrointestinal in the case of C.

albicans, may also be important and lead to different

responses. In experimental studies, gastrointestinal challenge

of mice with C. albicans induced protective TH1 responses

with increased numbers of IFNg-producing T-cells in

mesenteric lymph nodes and spleen [42]. After gastro-

intestinal T-cell priming, C. albicans antigens are also

(µg/mL) (µg/mL)

c.
p

.m
.

P. ovale C. albicans
100000

10000

1000

100

10
0 10 100 1000 0 10 100 1000

Fig. 1. The titration curves of different antigen concentrations of Candida albicans and Pityosporum ovale in lymphocyte stimulation.

The median cpm (counts per minute) of each concentration are connected with a line. All study subjects (n � 22) are included.

IgE

Total IgE P. ovale C. albicans

Stimulation index

P. ovale 0.45 (, 0.05) 0.53 (, 0.02) 0.43 (, 0.05)

PHA-induced

IL-2 (pg/mL) 0.66 (, 0.005) 0.65 (, 0.005) 0.70 (, 0.002)

IL-4 (pg/mL) 0.43 (, 0.05) 0.62 (, 0.005) 0.65 (, 0.005)

C. albicans-induced

IL-2 (pg/mL) n.s. n.s. 0.43 (� 0.05)

IL-5 (pg/mL) 0.45 (, 0.05) n.s. n.s.

Table 4. Spearman correlations of pro-

liferative and cytokine responses and

IgE levels
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Fig. 2. The time±response curves of the

PHA-induced and unstimulated cytokine

responses (IL-2, 4, 5 and IFNg) in PBMC

cultures of atopic dermatitis patients

(circle, n � 15) and healthy controls

(square, n � 7). Cytokines were measured

from the culture supernatant fluids with

sandwich ELISAs. The comparison of the

responses between the atopic dermatitis

group and the healthy controls was done

with the Mann±Whitney U-test, and

significant differences are indicated in the

figure.
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Fig. 3. The kinetics of the Candida

albicans- and Pityosporum ovale-induced

cytokine responses (IL-2, 4, 5 and IFNg)

in PBMC cultures of atopic dermatitis

patients (circle, n � 15) and healthy

controls (square, n � 7). Candida

albicans was used at a concentration of

300 mg/mL and P. ovale at 50 mg/mL,

and cytokines were measured from the

culture supernatant fluids with sandwich

ELISAs. The comparison of the responses

between the atopic dermatitis group and

the healthy controls was done with the

Mann±Whitney U-test, and significant

differences are indicated in the figure.
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likely to induce strong proliferative responses in the skin,

as Langerhans cells are more effective than PBMC in

inducing proliferative T-cell responses to C. albicans [43].

Candida albicans, also by inducing an intact TH1 response,

would control complete overgrowth and tissue invasion of

the saprophytic yeasts. Cure in murine candidiasis is

associated with efficient clearance of the yeast from

infected organs, and detection of strong TH1 responses.

The production of IL-4 by TH2 cells may limit TH1-

associated protective immunity [18]. This is also apparent

in patients with chronic mucocutaneous candidiasis, in

which Candida antigens trigger a predominantly also TH2-

instead of a TH1-type cytokine response [44]. In line with

these findings, elevated IgE levels have previously been

detected in human invasive candidiasis patients, suggesting

TH2 activation as well [26]. It seems that a controlled

mucous growth of saprophytes requires an intact TH1

response, while a TH2 response leads to totally uncon-

trolled superficial or invasive growth, as seen in chronic

mucocutaneous or invasive candidiasis. Supporting this

hypothesis, a TH1 immune response is seen in superficial

vaginal infections in which yeast growth remains limited

[45].

It appears that in some cases of AD, hypersensitivity

reactions to yeasts are important pathogenic factors. The

straightforward division of TH cells to TH1 and TH2 cells

may not be directly applicable to these patients, as both

C. albicans and P. ovale antigens induce lymphoprolifera-

tion, IgE, IL-2, IL-4, IL-5 and IFNg. However, there seems

to be a difference between these antigens so that P. ovale is

a stronger inducer of TH2-type responses and C. albicans is

a stronger inducer of TH1-type responses. Pityosporum

ovale would thus mainly induce acute skin inflammation

and contribute to IgE synthesis. Candida albicans on the

other hand would be associated with the late and delayed

phase reactions and and chronic inflammation. The

C. albicans-induced intact TH1 response would control

the growth of the saprophytic yeasts.

References

1 Kieffer M, Bergbrant IM, Faergemann J et al. Immune

reactions to Pityrosporum ovale in adult patients with atopic

and seborrheic dermatitis. J Am Acad Dermatol 1990;

22:739±42.

2 Kolmer HL, Taketomi EA, Hazen KC, Hughs E, Wilson BB,

Plattsmills TAE. Effect of combined antibacterial and

antifungal treatment in severe atopic dermatitis. J Allergy

Clin Immunol 1996; 98:702±7.

3 Waerstedt A, Hjort N. Pityrosporum orbiculare ± a pathogenic

factor in atopic dermatitis of the face, scalp and neck? Acta

Derm Venereol (Stockh) 1985; 114:146±8.

4 Savolainen J, Lammintausta K, Kalimo K, Viander M.

Candida albicans and atopic dermatitis. Clin Exp Allergy

1993; 23:332±9.

5 Savolainen J, Broberg A. Crossreacting IgE antibodies to

Pityrosporum ovale and Candida albicans in atopic children.

Clin Exp Allergy 1992; 22:469±74.

6 Doekes G, van-Ieperen-van-Dijk AG. Allergens of Pityro-

sporum ovale and Candida albicans. I. Cross-reactivity of

IgE-binding components. Allergy 1993; 48:394±400.

7 Huang X, Johansson SG, Zargari A, Nordvall SL. Allergen

cross-reactivity between Pityrosporum orbiculare and Candida

albicans. Allergy 1995; 50:648±56.

8 Kapsenberg ML, Wierenga EA, Stiekema FE, Tiggelman AM,

Bos JD. Th1 lymphokine production profiles of nickel-specific

CD41T-lymphocyte clones from nickel contact allergic and

non-allergic individuals. J Invest Dermatol 1992; 98:59±63.

9 van-der-Heijden FL, Wierenga EA, Bos JD, Kapsenberg ML.

High frequency of IL-4-producing CD41 allergen-specific T

lymphocytes in atopic dermatitis lesional skin. J Invest

Dermatol 1991; 97:389±94.

10 van-Reijsen FC, Bruijnzeel-Koomen CA, Kalthoff FS et al.

Skin-derived aeroallergen-specific T-cell clones of Th2 pheno-

type in patients with atopic dermatitis. J Allergy Clin Immunol

1992; 90:184±93.

11 Gutgesell C, Yssel H, Scheel D, Gerdes J, Neumann C. IL-10

secretion of allergen-specific skin-derived T cells correlates

positively with that of the Th2 cytokines IL-4 and IL-5. Exp

Dermatol 1994; 3:304±13.

12 Grewe M, Gyufko K, Schopf E, Krutmann J. Lesional

expression of interferon-gamma in atopic eczema. Lancet

1994; 343:25±6.

13 Grewe M, Walther S, Gyufko K, Czech W, Schopf E,

Krutmann J. Analysis of the cytokine pattern expressed in situ

in inhalant allergen patch test reactions of atopic dermatitis

patients. J Invest Dermatol 1995; 105:407±10.

14 Kubota Y, Koga T, Imayama S, Hori Y. Mite-antigen-

stimulated cytokine production by peripheral blood mono-

nuclear cells of atopic dermatitis patients with positive mite

patch tests. Contact Dermatitis 1994; 31:217±9.

15 Simon MR, Cooper KD, Norris RB, Blok B, King CL. Antigen

presenting cell-independent cytokine and spontaneous in vitro

IgE production in patients with atopic dermatitis: increased

interferon-gamma production and lack of effects of in vivo

low-dose interferon-gamma treatment. J Allergy Clin Immunol

1995; 96:84±91.

16 Esnault S, Benbernou N, Lavaud F, Shin HC, Potron G,

Guenounou M. Differential spontaneous expression of mRNA

for IL-4, IL-10, IL-13, IL-2 and interferon-gamma (IFN-

gamma) in peripheral blood mononuclear cells (PBMC) from

atopic patients. Clin Exp Immunology 1996; 103:111±8.

17 Yamada N, Wakugawa M, Kuwata S, Yoshida T, Nakagawa

H. Chronologic analysis of in situ cytokine expression in mite

allergen-induced dermatitis in atopic subjects. J Allergy Clin

Immunol 1995; 96:1069±75.

18 Romani L, Mencacci A, Grohmann U et al. Neutralizing

antibody to interleukin 4 induces systemic protection and

T helper type 1-associated immunity in murine candidiasis.

J Exp Med 1992; 176:19±25.

Responses in atopic dermatitis patients 133

q 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 125±134



19 Rokugo M, Tagami H, Usuba Y, Tomita Y. Contact sensitivity

to Pityrosporum ovale in patients with atopic dermatitis. Arch

Dermatol 1990; 126:627±32.

20 Neuber K, Steinrucke K, Kowalzick L, Kohler I, Ring J.

Cytokine-mediated effects of peripheral blood mononuclear

cells from patients with atopic eczema on keratinocytes

(HaCaT) in a new coculture system. Br J Dermatol 1995;

133:750±6.

21 Ashbee HR, Ingham E, Holland KT, Cunliffe WJ. Cell-

mediated immune responses to Malassezia furfur serovars A,

B and C in patients with pityriasis versicolor, seborrheic

dermatitis and controls. Exp Dermatol 1994; 3:106±12.

22 Hanifin J, Rajka G. Diagnostic features of atopic dermatitis.

Acta Derm Venereol (Stockh) 1980; 92:42±7.

23 Leeming J, Notman F. Improved methods for isolation and

enumeration of Malassezia furfur for human skin. J Clin

Microbiol 1987; 25:2017±9.

24 Lintu P, Savolainen J, Kalimo K. IgE antibodies against

mannan and protein antigens of Pityrosporum ovale in atopic

dermatitis. Clin Exp Allergy 1997; 27:87±95.

25 Savolainen J, Kalimo K, Einarsson R, Koivikko A, Viander M,

Terho EO. In House Reference preparation (IHR) of Candida

albicans allergen extract. A Standardized extraction proce-

dure. Allergy 1998.

26 Savolainen J, Rantala A, Nermes M, Lehtonen L, Viander M.

Enhanced IgE response to Candida albicans in postoperative

invasive candidiasis. Clin Exp Allergy 1996; 26:452±60.

27 Nermes M, Savolainen J, Kalimo K, Lammintausta K, Viander

M. Determination of IgE antibodies to Candida albicans

mannan with nitrocellulose-RAST in patients with atopic

diseases. Clin Exp Allergy 1994; 24:318±23.

28 Lagier B, Pons N, Rivier A et al. Seasonal variations of

interleukin-4 and interferon-gamma release by peripheral

blood mononuclear cells from atopic subjects stimulated by

polyclonal activators. J Allergy Clin Immunol 1995; 96:932±

40.

29 Leung DY. Atopic dermatitis: the skin as a window into the

pathogenesis of chronic allergic diseases. J Allergy Clin

Immunol 1995; 96:302±18.

30 Tang M, Kemp A, Varigos G. IL-4 and interferon-gamma

production in children with atopic disease. Clin Exp Immunol

1993; 92:120±4.

31 Jensen-Jarolim E, Poulsen LK, With H, Kieffer M, Ottevanger

V, Stahl-Skov P. Atopic dermatitis of the face, scalp, and

neck: type I reaction to the yeast Pityrosporum ovale?

J Allergy Clin Immunol 1992; 89:44±51.

32 BaÈck O, Scheynius A, Johansson SG. Ketoconazole in atopic

dermatitis: therapeutic response is correlated with decrease in

serum IgE. Arch Dermatol Res 1995; 287:448±51.

33 Takahashi T, Sasaki Y, Hama K, Furue M, Ishibashi Y.

Production of IL-4, IL-2, IFN-gamma, and TNF-alpha by

peripheral blood mononuclear cells of patients with atopic

dermatitis. J Dermatol Sci 1992; 3:172±80.

34 Chan S, Henderson W Jr, Li SH, Hanifin JM. Prostaglandin E2

control of T cell cytokine production is functionally related

to the reduced lymphocyte proliferation in atopic dermatitis.

J Allergy Clin Immunol 1996; 97:85±94.

35 Tanaka M, Aiba S, Takahashi K, Tagami H. Reduced

proliferative responses of peripheral blood mononuclear cells

specifically to Candida albicans antigen in patients with

atopic dermatitis ± Comparison with their normal reactivity to

bacterial superantigens. Arch Dermatol Research 1996;

288:495±9.

36 Reinhold U, Kukel S, Goeden B, Neumann U, Kreysel HW.

Functional characterization of skin-infiltrating lymphocytes in

atopic dermatitis. Clin Exp Immunol 1991; 86:444±8.

37 Hamid Q, Boguniewicz M, Leung DY. Differential in situ

cytokine gene expression in acute versus chronic atopic

dermatitis. J Clin Invest 1994; 94:870±6.

38 Vowels BR, Rook AH, Cassin M, Zweiman B. Expression of

interleukin-4 and interleukin-5 mRNA in developing cuta-

neous late-phase reactions. J Allergy Clin Immunol 1995;

96:92±6.

39 Bonifer R, Neumann C, Meuer S, Schulze G, Herrmann F.

IL-5 expressing allergen-specific T-lymphocytes in patients

with house dust mite sensitization: analysis at a clonal level.

J Mol Med 1995; 73:79±83.

40 Kroger S, Neuber K, Gruseck E, Ring J, Abeck D. Pityro-

sporum ovale extracts increase interleukin-4, interleukin-10

and IgE synthesis in patients with atopic eczema. Acta

Dermato ± Venereologica 1995; 75:357±60.

41 Tengvall Linder M, Johansson C, Zargari AÊ et al. Detection of

Pityrosporum orbiculare reactive T cells from skin and blood

in atopic dermatitis and characterization of their cytokine

profiles. Clin Exp Allergy 1996; 26:1286±97.

42 Bistoni F, Cenci E, Mencacci A et al. Mucosal and systemic

T helper cell function after intragastric colonization of adult

mice with Candida albicans. J Infect Dis 1993; 168:1449±

57.

43 Bjercke S, Elgù J, Braathen L, Thorsby E. Enriched epidermal

Langerhans cells are potent antigen-presenting cells for T

cells. J Invest Dermatol 1984; 83:286±9.

44 Lilic D, Cant AJ, Abinun M, Calvert JE, Spickett GP. Chronic

mucocutaneous candidiasis. 1. Altered antigen-stimulated

IL-2, IL-4, IL-6 and interferon-gamma (IFN-gamma) produc-

tion. Clin Exp Immunology 1996; 105:205±12.

45 Fidel P Jr, Lynch ME, Redondo-Lopez V, Sobel JD, Robinson

R. Systemic cell-mediated immune reactivity in women with

recurrent vulvovaginal candidiasis. J Infect Dis 1993;

168:1458±65.

134 J. Savolainen et al.

q 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 125±134


