
Abstract Although reduced cutaneous reactivities to
Candida albicans have been reported in patients with
atopic dermatitis (AD), there is still controversy as to
whether the in vivo lymphocyte proliferation response
is normal or reduced. We have also reported that pa-
tients with AD manifest a decreased cutaneous re-
sponse only to C. albicans antigen in scarification
patch tests. The purpose of this study was to examine
whether patients with AD show normal lymphocyte
transformation responses to C. albicans antigen. Pe-
ripheral blood leucocytes (PBL) from 21 patients with
AD and 14 healthy control (HC) subjects were cocul-
tured with optimal concentrations of C. albicans anti-
gen and of superantigens (staphylococcal enterotoxin
A and B). PBL from the patients with AD showed a
significantly lower response to C. albicans antigen, but
there was no statistically significant difference in PBL
responses to superantigens between the patients with
AD and the HC subjects. This decreased proliferative
response of PBL was particularly noticeable in those
whose RAST scores for C. albicans antigen were high.
These results suggest the development of a specific an-
ergy to C. albicans antigen in patients with AD.
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Introduction

Although the pathogenesis of atopic dermatitis (AD) is
still not fully understood, a variety of immunological ab-
normalities have been observed in patients with AD, in-

cluding elevated serum IgE levels, a transient or persistent
reduction  in delayed-type hypersensitivity (DTH), and
susceptibility to certain cutaneous viral and bacterial in-
fections [1, 2]. We have recently demonstrated using
RAST, prick and patch tests that, although generally both
IgE-mediated skin hypersensitivity and DTH to various
environmental antigens derived from living organisms are
pronounced in AD patients [3], these patients show sig-
nificantly decreased contact sensitivity only to Candida
albicans antigen. Using intradermal tests, Elliot and Han-
ifin [4] have also shown that patients with AD show a sig-
nificantly lower incidence of positive reactions to C. albi-
cans antigen than healthy control (HC) subjects. In con-
trast, however, there is still controversy about the in vitro
proliferative responses of peripheral blood leucocytes
(PBL) from patients with AD to C. albicans antigen [4,
5]. The patients studied by Elliot and Hanifin [4] showed
normal proliferative responses of PBL to C. albicans. On
the other hand, McGeady and Buckley [5] reported that
AD patients showed a significantly lower proliferative re-
sponses of PBL to C. albicans than HC subjects.

To determine whether patients with AD show normal
proliferative responses of PBL to C. albicans antigen or
not, we examined in vivo and in vitro reactivities of 21
patients with AD and 14 HC subjects to C. albicans anti-
gen using RAST, prick tests, scarification patch tests and
PBL proliferation tests.

Methods

Patients and control subjects

A group of 21 Japanese patients with AD (6 female and 15 male,
between 9 and 40 years of age, mean 21 years) were evaluated at
the Department of Dermatology, Tohoku University School of
Medicine. All patients fulfilled the criteria of Hanifin and Rajka
[6] for the diagnosis of AD. They participated in the study during
remission of their skin lesions after appropriate topical and systemic
treatments, and had clinically lesion-free areas on the flexor sur-
face of the forearms. No patients had been receiving systemic im-
munotherapy. Seven patients had a past or present history of atopic
respiratory disease (ARD), and remaining 14 patients had no per-
sonal history or complications of ARD (i.e. they had pure AD). We
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estimated the severity of the AD according to the criteria of Rajka
and Langeland [7]. Three patients had mild, nine moderate and
nine severe AD. They showed no signs of cutaneous candidial in-
fection.

A group of 14 healthy volunteers without a personal or family
history of AD or ARD (6 male and 8 female, between 24 and 42
years of age, mean 31 years) served as the HC group. All the sub-
jects gave informed consent before the examinations.

Detection of allergen-specific and nonspecific IgE antibodies

Serum IgE levels of the subjects were measured using a fluoroen-
zyme immunoassay (FEIA; CAP system, Pharmacia, Uppsala,
Sweden), and allergen-specific IgE antibodies were measured us-
ing a RAST FEIA (CAP system).

Antigen and superantigens

C. albicans antigen in the form of a crude extract of C. albicans
containing cell wall mannans and cytoplasmic proteins (commer-
cially available from Torii Co, Tokyo, Japan) was used for prick
and patch test. It was prepared by the Torii Co. as follows: center
mould medium inoculated with C. albicans was incubated at 27°C
for 30 days and, after separation of C. albicans by filtration, was
then condensed, dialyzed against distilled water, freeze dried and
diluted in saline. For prick tests, the extract was used at a concen-
tration of 1 :100 in saline containing 50% glycerin (PNU 6860).
For patch tests, the extract was diluted with an equal volume of
control solution (Torii Co.) to which was added phenol to obtain a
final concentration of 0.5%.

Staphylococcal enterotoxin A (SEA) and B (SEB) were pur-
chased from Sera (Heidelberg, Germany) and Sigma (St. Louis,
Mo.), respectively.

Skin tests

All the subjects were prohibited from taking antihistamines and
systemic steroids and from applying topical steroids to the volar
aspects of the forearms for 1 week before skin testing. Modified
prick tests were done according to the method of Pepys [8], de-
scribed in detail elsewhere [3]. The wheal response was evaluated
after 15 min. A wheal with a long diameter of over 5 mm was re-
garded as positive. If a patient showed a reaction to the control ve-
hicle, reactions to the allergens were recorded as positive when
their diameter was twice that of the control reaction [9].

Chamber scarification patch tests were carried out as described
by Frosch and Kligman [10], and described in detail elsewhere [3].
In brief, the test area was lightly abraded four times with a 27-
gauge needle in a criss-cross fashion. The test solution (20 µl) was
applied in a Finn chamber to the volar aspect of the subject’s fore-
arm for 48 h. A control solution containing 0.5% phenol was ap-
plied in the same way. The patch test reactions were read 72 h and

1 week after application of the patches and the appearance of ery-
thema with papules at 72 h and remaining papules with pigmenta-
tion at 1 week was regarded as a positive reaction according to the
ICDRG (International Contact Dermatitis Research Group) criteria
for patch tests [11]. The skin tests were approved by the ethics
committee of the Tohoku University School of Medicine.

Cell proliferation assay

RPMI-1640 medium supplemented with penicillin/streptomycin/
Fungizone, 5 × 10–5 M 2-mercaptoethanol, 2 mM glutamine, 
10 mM HEPES (Wako, Osaka, Japan) and 10% heat-inactivated
AB serum (Sigma, St. Louis, Mo.) was used as the culture me-
dium. PBL were isolated from the AD patients and the HC subjects
using Ficoll-Hypaque density gradient centrifugation and washed
with culture medium three times, and 1 × 105 cells/well were cul-
tured with the test agents. The cells were cultured for 72 h with
SEA or SEB, or for 120 h with C. albicans antigen. To each well
was added 16 h before harvesting the cells 1 µCi [3H]-thymidine
(New England Nuclear, Boston, Mass.). The cells were harvested
onto glass filter strips using a semiautomatic cell harvester, and the
amount of incorporated [3H]-thymidine was assessed using a liquid
scintillation counter.

The results are presented as the means of triplicate cultures ±
SD. The difference between the incorporation of [3H]-thymidine
by PBL cultured alone and by those cultured with the antigen and
superantigens (∆cpm) was calculated. For comparison of [3H]-
thymidine incorporation in PBL between the HC subjects and the
AD patients, the following concentrations of antigen and super-
antigens were used: 100 µg/ml C. albicans extract, 0.25 µg/ml
SEA, 4 µg/ml SEB. We selected suboptimal concentrations from
dose-response curves for each antigen and superantigen (data not
shown).

Statistical analysis

The Mann-Whitney test and Pearson’s correlation coefficient were
used as appropriate.

Results

Responses of the PBL from the AD patients 
and from the HC subjects for C. albicans antigen 
and for staphylococcal superantigens

As shown in Fig.1A, the AD patients showed a much
lower incidence of positive scarification patch test reac-
tions to C. albicans antigen. Moreover, the cultures stim-
ulated with C. albicans, PBL from the AD patients incor-
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Fig.1 A An incidence of posi-
tive C. albicans scarification
patch test reactions in AD pa-
tients and HC subjects; B re-
sponses of PBL from AD pa-
tients and HC subjects to C. al-
bicans antigen (Longer hori-
zontal bars mean, shorter hori-
zontal bars standard deviation)



porated much less [3H]-thymidine than those from the HC
subjects (P < 0.01, Mann-Whitney test; Fig.1B). [3H]-
thymidine incorporation by PBL stimulated with SEA and
SEB did not show any differences between the AD pa-
tients and the HC subjects (Fig. 2). The basal proliferation
responses of the PBL were not different between the AD
patients and HC subjects, and neither age nor sex influ-
enced the PBL proliferative responses in either group.

Correlation between the in vitro responses of PBL 
and the serum IgE levels 
in the AD patients and the HC subjects

The AD patients who showed higher serum IgE levels
tended to display lower lymphocyte proliferative re-
sponses than those who showed lower serum IgE levels,
although the correlation was not statistically significant
(Pearson’s correlation coefficient, Fig. 3). Most HC sub-
jects showed low serum IgE levels and high lymphocyte
proliferative responses. There was no special correlation
between them.

Correlation between in vitro responses of PBL 
and the RAST scores in the AD patients 
and the HC subjects

The patients with AD who showed higher RAST scores
tended to display lower lymphocyte proliferative re-
sponses than those who showed lower RAST scores, al-
though the correlation was not statistically significant
(Pearson’s correlation coefficient, Fig. 4). Most HC sub-
jects showed low RAST scores and high lymphocyte pro-
liferative responses, but there was no significant correla-
tion between them.
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Fig. 2 Responses of PBL from AD patients and HC subjects to
SEA and SEB (N.S. not significant)

Fig. 3 Correlation between responses of PBL to C. albicans anti-
gen and serum IgE levels in AD patients and HC subjects

Fig.4 Correlation between responses of PBL to C. albicans anti-
gen and RAST scores in AD patients and HC subjects

Fig.5 Correlation between responses of PBL to C. albicans anti-
gen and C. albicans antigen prick test results in AD patients and
HC subjects



Correlation between in vitro responses of PBL 
and the result of prick tests 
in the AD patients and the HC subjects

The AD patients who showed larger prick test responses
tended to display lower lymphocyte proliferative re-
sponses than those who showed smaller prick test re-
sponses, although the correlation was not statistically sig-
nificant (Pearson’s correlation coefficient, Fig.5). Most
HC subjects showed no positive prick test response but
high lymphocyte proliferative responses, but there was no
significant correlation between them.

Discussion

In our previous in vivo study, we demonstrated that pa-
tients with AD show a low incidence of positive reactions
for C. albicans antigen in scarification patch tests com-
pared with HC subjects, in contrast to the finding that AD
patients show a higher incidence of positive patch test re-
actions to other environmental allergens than HC subjects
[3]. These results suggest that DTH in AD patients is not
generally impaired, although it is decreased for certain
antigens, possibly those derived from the body mi-
croflora. In the present study we succeeded in demon-
strating in vitro that AD patients specifically show a de-
creased proliferative response of PBL for C. albicans
antigen in comparison with a nonspecific proliferative re-
sponse of PBL against other superantigens, in this case
SEA and SEB. Our results differ from those of Elliot and
Hanifin [4] but are similar to those of McGeady and
Buckley [5]. The in vitro reactivity of PBL for C. albicans
seems reasonable because it corresponds well with the re-
sults of in vivo scarification patch tests. In our previous
study we also found that there was a negative correlation
between the RAST scores and the results of scarification
patch tests to C. albicans antigen [3]. Likewise, in the pre-
sent study, the patients with AD were found to show a
rather decreased PBL proliferative response when their
RAST scores were high against C. albicans.

In contrast to these reaction patterns to C. albicans
antigen, we have found a positive correlation between the
RAST scores and the results of scarification patch tests to
housedust mite antigen in patients with AD [3]. Rawle et
al. [12] also reported that the proliferative response of
PBL from allergic patients to the major antigen of house-
dust mite correlates positively with its serum IgE anti-
body. Thus, the observed immunological reactivities to C.
albicans antigen in AD patients, who tended to show neg-
ative patch test reactions and decreased proliferative re-
sponses of PBL together with rather high RAST scores to
C. albicans antigen, seem to be unique as compared with
those against other environmental allergens. We have
found by scarification patch testing that neonates are all
nonreactive to C. albicans antigen; they seem to acquire
contact sensitivity of the antigen probably as a result of
developing cutaneous candidiasis early in life in the form
of diaper dermatitis or by mucosal exposure to it, because

the contact sensitivity is demonstrable in almost all
healthy individuals [13]. In experimentally induced der-
matophytosis, Jones et al. [14] observed that DTH to fun-
gal antigens is a predominant immunological response.
However, they found that atopic individuals show a
unique sequence of events: an initially delayed sensitivity
is later replaced by immediate-type hypersensitivity. In a
similar fashion, it is possible that, although AD patients
may at first demonstrate DTH to C. albicans, they gradu-
ally lose it by developing prominent IgE-mediated hyper-
sensitivity from repeated exposure to this common mi-
croorganism of the body during their life.

Recent studies using mouse helper T-cell clones sug-
gest that there are two types of T-cell clones that are
clearly separable on the basis of the panel of cytokines
they produce [15]; Th1 clones secrete IL-2 and IFN-γ and
preferentially induce DTH [16], while Th2 clones produce
IL-4, IL-5 [15] and IL-10 [17] and provide superior help
for IgE production [18, 19]. Wierenga et al. [20] have
demonstrated the presence of Th2 type T cells in AD pa-
tients. the demonstration that healthy subjects with a nor-
mal immune response show high PBL proliferative re-
sponses as well as positive scarification patch tests to C.
albicans antigen [3], suggests the dominant presence of
Th1 type T cells specific to C. albicans antigen. In con-
trast, in the present study the AD patients had high RAST
scores to C. albicans, which suggests the presence of Th2
type T cells in patients with AD. Therefore, it is conceiv-
able that Th1 type T cells to C. albicans antigen are re-
placed by Th2 type T cells in AD.

Several researchers have demonstrated that allergic
subjects carrying C. albicans in the nasopharynx and anus
show high RAST scores but reduced skin DTH for C. al-
bicans [21–23]. It has been reported that the incidence of
faecal C. albicans is higher in patients with AD than in
control subjects [24]. Our finding that, in addition to a
lower incidence of positive patch test reactions, PBL from
AD patients show a markedly reduced response to C. al-
bicans antigen seems to indicate that the Th lymphocytes
themselves are in the process of a acquiring or have ac-
quired a state of anergy due to repeated exposure to ex-
cessive C. albicans antigen.

Recently, Picker et al. [25] have reported the presence
of skin-homing T lymphocytes. These T cells have a
unique homing receptor, called cutaneous lymphocyte
antigen (CLA), which can interact with ELAM-1 [26].
Furthermore, there are several reports [27, 28] that Th2 T
cell clones specific to housedust mite antigen derived
from epicutaneously challenged skin express CLA, while
T cell clones derived from peripheral blood do not. Our
present results seem to rule out the possibility that T cells
reactive to C. albicans express CLA, unlike housedust
mite antigen-specific T cells that can express it, because
we found not only reduced patch test reactions but also
decreased PBL responses to C. albicans antigen in AD
patients.
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