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Abstract The role of the type-2 T helper (Th2) cell-
mediated immune response in the immunopathogenesis of
atopic dermatitis (AD) is well documented. Whether po-
larized immunoresponse is confined to antigen-specific T
cells or is distributed among all T cell subsets is still con-
troversial. We investigated frequencies of interleukin-2
(IL-2), IL-4, interferon-gamma (IFN-γ), and tumor necro-
sis factor-alpha (TNF-α) producing CD3+ and CD4+ T cells
in peripheral blood from children with atopic dermatitis and
healthy subjects with and without in vitro stimulation.
Children with severe AD had a significantly lower per-
centage of CD4+ T cells spontaneously expressing IL-4
compared with healthy controls (p<0.01). Polyclonal
stimulation significantly increased cytokine production in
both AD patients and healthy individuals. Frequencies of
CD3+ and CD4+ producing IL-2, IL-4, IFN-γ, and TNF-α
after in vitro stimulation with phorbol-12-myristate 13-
acetate (PMA)+ionomycin were comparable in the AD and
control groups. In response to PMA/ionomycin, children
with AD and asthma symptoms had a significantly lower
percentage of CD3+ T cells producing TNF-α. We failed to
demonstrate evidence of an imbalance with respect to type-

2 cytokine productions in children with AD. Comparable
induction of Th1 and Th2 cytokines in polyclonally
stimulated peripheral CD3+ and CD4+T cells from AD
patients and controls puts into question the polarized Th2
immune response as a general characteristic of T cells in
children with atopic dermatitis.
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Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disorder, with an increasing prevalence over the past three
decades. Numerous immunological abnormalities are im-
plicated in the pathogenesis of AD. The most prominent
feature of AD is elevated serum immunoglobulin E (IgE)
and eosinophilia, which reflect an increased expression of T
helper 2 (Th2) cytokines [24, 32, 34]. There have also been
a number of studies demonstrating increased frequency of
allergen-specific T cells producing interleukin (IL)-4, IL-5,
and IL-13 but little interferon-gamma (IFN-γ) in the
peripheral blood of patients with AD [38]. On the other
hand, data from skin biopsies revealed that Th1 cytokines
also contribute to the pathogenesis of AD. Studies have
shown that acute skin lesions contain significantly more
cells producing IL-4, IL-5, and IL-13. By contrast, in
chronic lesions in AD, IFN-γ predominates over IL-4 [13,
15]. Moreover, peripheral blood mononuclear cells
(PBMC) obtained from children with atopic disease
revealed increased Th1 and Th2 allergen-induced cytokine
response [33]. Whether enhanced Th2 cytokine production
in atopic individuals is allergen specific or is a general
characteristic of T cells is still not clear.
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We therefore investigated cytokine expression in periph-
eral blood from AD children before and after polyclonal
stimuli, which were compared with healthy controls.
Allergen-induced T-cell response reflects cytokine produc-
tion by allergen reactive T cells. On the contrary, polyclonal
cytokine responses following T-cell stimulation with mito-
gen or superantigen allow examination of underlying
predisposition of cytokine production.

Materials and methods

Study population

Fifteen children (age range 3–16, mean age 10.9±1.3
years) suffering from moderate to severe AD were enrolled
in this study. AD was diagnosed according to the criteria
described by Hanifin and Rajka [16]. AD severity was
estimated according to the grading criteria of Rajka and
Langelanda [31]. The scores of extent, course, and intensity
were summed up. Based on total score, seven children were
classified as moderate (score 5–7) and eight as severe
(score 8–9) AD. All children attended the outpatient clinic
of the Department of Pediatric Gastroenterology, Allergol-
ogy and Developmental Disorders, Medical University of
Silesia, Zabrze, for at least 1 year before the study was
conducted, and all had positive skin-prick tests (SPT) to at
least three allergens (SPT was regarded as positive when
mean diameter was at least 3 mm). All patients were SPT
positive to mixed pollen grass, 11 to Dermatophagoides
pteronyssinus, nine to tree pollen and weed, seven to cat
hair, three to dog hair, and two to food allergens (eggs,
milk). All children had significantly elevated total and
relevant allergen-specific IgE levels. The control group
consisted of seven healthy children (age range 4–16, mean
age 11.0±1.0) years who had no previous clinical history
of allergic disease and had negative skin response to com-
mon allergen (D. pteronyssinus, mixed grass or tree pollen,
or cat and dog hair; Allergopharma, Reinbek, Germany).
The control group consisted of voluntary children recruited
from staff members of the outpatient clinic. None of the
AD patient had used oral corticosteroids. Nine patients
with AD used low-dose inhalant budesonide (200 μg)
because of concomitant asthma symptoms (asthma symp-
toms were recognized in four children with moderate and
five with severe AD). The study was approved by the
Ethics Committee of the Medical University of Silesia,
Katowice. Written informed consent was obtained from
the parents of all patients. Peripheral blood was obtained
from all children. Total serum IgE was quantified by
fluoroenzymeimmunoassay (UniCap, Pharmacia Diagnos-
tic AB, Uppsala, Sweden) according to the manufacturer’s
instructions.

Intracellular cytokine staining

Heparinized whole blood was diluted with Roswell Park
Memorial Institute (RPMI) medium (BioWhittaker) and calf
serum, and after addition of 25 μl (25 ng/ml) of phorbol-12-
myristate 13-acetate (PMA; Sigma), 20 μl (1 μg/ml) of
ionomycin (Sigma), and 10 μl (2.5 μM) of monensin
(Sigma) incubated in a water bath for 4 h at 37°C in tightly
capped tubes. Stimulated whole blood was distributed in
100-μl aliquots into tubes containing 20 μl antihumans CD3-
FITC and CD4-PerCp (Becton Dickinson), vortexed, and
incubated for 20 min at room temperature in the dark. To fix
cells, 100 μl of IntraPrep Reagent 1 (DAKO) was added to
the samples, followed by vortexing and incubation for
15 min at room temperature in the dark and afterwards
washing with 2 ml of Cell Wash solution. Simultaneous
permeabilization of the white cells and lysis of the red cells
was then carried out by adding of 100 μl of IntraPrep reagent
2 (DAKO) and incubation. Intracellular staining procedure
included the addition of 20 μl of anti-IL-2, IL-4, IFN-γ, IFN-
α monoclonal antibodies or isotype control mouse anti-
bodies conjugated with phycoerythrin (PE) (Coulter Immu-
notech). The flow cytometric assessment with FACScan
flow cytometry (Becton Dickinson) was performed on the
same day. Acquisition was gated on CD3+ and CD3+ CD4+

cells, and then the parentage of CD3+ and CD3+ CD4+ cells
producing IL-2, IL-4, IFN-γ, and TNF-α was determined
on dot plots. Quadrants were set based upon isotype
control. Acquisition was performed both on samples
stimulated with PMA and ionomycin and on nonstimulated
samples in order to estimate the residual intracellular
expression of the cytokines. Activation of the cells was
confirmed by estimation of CD69 expression, which was
over 95% in all samples. Acquisition and analysis were
performed with Cell Quest software package (Becton
Dickinson).

Statistical analysis

Statistical analyses were performed using a software
package (Statistica, version 3.0), and data were presented
as mean value± standard error (SE). Comparisons between
groups were made with the Kruskal–Wallis test, followed
by the Mann–Whitney U test. Correlations were calculated
using the Spearman rank test. Values of p<0.05 were
considered as statistically significant.

Results

Eosinophil levels were significantly increased in AD
patients (mean: 370±40.4) compared with controls (mean:
120±15.8); p<0.001. There was also a significant increase
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in total IgE levels in AD patients (mean: 1395.5±573)
compared with controls (mean: 37.2±13.3); p<0.008.
Frequencies of CD3+ and CD4+ T cells staining positively
for IL-2, IL-4, IFN-γ, and TNF-α in unstimulated whole
blood were similar in atopic children and in healthy
controls (Table 1).

However, after separating patients according to the
severity of AD and then comparing them with healthy
controls, there was a significant decrease in frequencies of
CD4+ T cells spontaneously producing IL-4 in children
with severe AD; p<0.01 (Fig. 1). Other cytokines were
similar in all subgroups.

Although polyclonal stimulation increased cytokine pro-
duction in AD patients much more intensely than in controls
(AD: p=0.001 for CD4+/IL-4+, in the remaining cases
p=0.0006, and controls: p=0.02 in all cases, Fig. 2),
frequencies ofCD3+ and CD3+ CD4+ Tcells producing IL-2,
IL-4, IFN-γ, andTNF-α after in vitro stimulationwith PMA+
ionomycin did not differ between AD patients and the control
group (p >0.05) (Table 1). No significant correlations
between IgE level or eosinophil number and cytokine
production were found. The frequencies of CD3+ and
CD4+ T cells staining positively for IFN-γ after stimulation
with PMA and ionomycin from patients with AD, but not
from healthy controls, were inversely correlated with age
(R: −0.63, p<0.01, R: −0.57, p<0.02, respectively). In
response to PMA/ionomycin, children with AD and asthma
symptoms had a significantly lower percentage of CD3+ T
cells producing TNF-α compared with healthy controls and
of CD4+ T cells producing TNF-α than children with
“pure” AD (p<0.01), as shown in Fig. 3. Other cytokines
were similar in all subgroups. There were no significant
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Fig. 1 Percentage of CD4+ in-
terleukin (IL)-4+cells in unstim-
ulated peripheral blood from
children with moderate (n=7)
and severe (n=8) atopic derma-
titis (AD) and control subjects
(n=7). The percentage of CD4+

IL-4+ cells in severe AD was
significantly lower than in con-
trols (*p<0.01). Other cytokines
[IL-2, interferon-gamma (IFN-
γ), tumor necrosis factor-alpha
(TNF-α)] were similar in the
subgroups. The Mann–Whitney
U test was used to determine
significant differences between
subgroups

Table 1 Percentage of CD3+ T cells and CD4+ T cells producing IL-2,
IL-4, IFN-γ, and TNF-α before and after in vitro activation with
phorbol 12-myristate 13-acetate (PMA) and ionomycin

Cytokines T-cell
subsets

AD patients
(n=15) mean± SE

Healthy controls
(n=7) mean ± SE

IL-2 CD3+ 12.0±1.5 11.4±2.5
( 2.4±0.4 ) ( 3.4±1.2 )

CD4+ 7.0±0.7 7.8±1.3
( 1.7±0.3 ) (2.1±0.5 )

IL-4 CD3+ 7.3±0.9 6.5±0.3
( 2.2±0.5 ) ( 3.0±1.0 )

CD4+ 6.1±0.7 5.0±0.4
( 1.8±0.4 ) ( 2.4±0.6 )

IFN-γ CD3+ 12.5±0.5 11,7±3,0
( 2.5±0.5 ) ( 2.5±0.8 )

CD4+ 7.6±1.0 7.5±1.4
( 2.0±0.4 ) ( 2.0±0.5 )

TNF-α CD3+ 14.5±1.2 12.0±1.8
( 2.2±0.6 ) ( 3.4±0.6 )

CD4+ 9.3±0.8 8.8±1.2
( 1.7±0.42 ) ( 2.4±0.4 )

Unseparated whole blood from AD patients and healthy controls was
stimulated for 4 h with PMA and ionomycin, and production
of interleukin (IL)-2, IL-4, interferon-gamma (IFN-γ), tumor necrosis
factor-alpha (TNF-α) of CD3+ and CD4+ T cells was determined
at the single cell levels by intracellular cytokine staining and flow
cytometry, as described in Materials and methods. Frequencies
of spontaneous cytokine staining (in the presence of monensin alone)
are presented in brackets.
No statistically significant differences between children with atopic
dermatitis (AD) and the control subjects were found (p=NS,in
all cases).

Eur J Pediatr



p=0.0006

0

5

10

15

20

25

30

B S

AD

%
C

D
3/

IL
-2

+
p=0.02

0

5

10

15

20

25

B S

controls
%

C
D

3/
IL

-2
+

p=0.0006

0

5

10

15

20

B S

AD

%
C

D
3/

IL
-4

+

p=0.02

0

2

4

6

8

10

B S

controls

%
C

D
3/

IL
-4

+

p=0.0006

0

5

10

15

20

25

30

35

B S

AD

%
C

D
3/

IN
F

-
+

p=0.02

0

5

10

15

20

25

30

B S

controls

%
C

D
3/

IN
F

-
+

p=0.0006

0

5

10

15

20

25

B S

AD

%
C

D
3/

T
N

F
-α α+

p=0.02

0

5

10

15

20

25

B S

controls

%
C

D
3/

T
N

F
-

+

p=0.0006

0
2
4
6
8

10
12
14
16

B S

AD

%
C

D
4/

IL
-2

+

p=0.02

0
2
4
6
8

10
12
14
16

B S

controls

%
C

D
4/

IL
-2

+

p=0.001

0
2
4
6
8

10
12
14
16

B S

AD

%
C

D
4/

IL
-4

+
p=0.02

0

1

2

3

4

5

6

7

B S

controls

%
C

D
4/

IL
-4

+

p=0.0006

0

5

10

15

20

B S

AD

%
C

D
4/

IN
F

-
+

p=0.02

0
2
4
6
8

10
12
14
16

B S

controls

%
C

D
4/

IN
F

-
+

p=0.0006

0
2
4
6
8

10
12
14
16
18

B S

AD

%
C

D
4/

T
N

F
-

+

p=0.02

0
2
4
6
8

10
12
14
16
18

B S

controls

%
C

D
4/

T
N

F
-

+ αα

Eur J Pediatr



differences between the two patient groups in IgE level or
eosinophils.

Discussion

There have been conflicting data with respect to cytokine
production in AD patients. Therefore, in the present study,
we assessed the frequency of intracellular-cytokine-produc-
ing T cells in children with AD and healthy, nonatopic
controls. We measured the cytokine profile (IL-2, IL-4,
IFN-γ, TNF-α) by flow cytometry in unseparated whole
blood because this method seems to reflect the situation in
circulating cells in vivo in the best way. Frequencies of
spontaneous cytokine staining in PBMC were very low and
comparable between atopic and healthy controls, as shown
in several previous studies [8]. Surprisingly, we found that
children with severe AD had a significantly lower percent-
age of CD4+ T cells spontaneously expressing IL-4
compared with healthy children, which may indicate that
these cells were recruited from peripheral blood to the site

of inflammation. In contrast to our results, Lonati et al. [25]
using reverse transcriptase polymerase chain reaction
showed spontaneous expression messenger ribonucleic acid
(mRNA) of IL-4 and lower mRNA of IFN-γ in PBMC
from AD patients compared with nonatopic subjects. In
another study, the level of mRNA for IL-13 and IL-5 but
not for IL-4 in PBMC from AD patients was significantly
higher compared with controls [1]. In addition, decreased
spontaneous IL-4 production by cord blood lymphocytes
was reported in children who developed AD during the first
year of life [14].

We have shown that both Th1 and Th2 cytokines are
equally induced following in vitro stimulation with PMA
and ionomycin stimulation in AD patient and controls. Our
findings are in line with the results reported by Bullens [6],
who demonstrated comparable cytokine production after
polyclonal stimulation in allergic patients and controls.
Also, Imada et al. [17] demonstrated that IL-2, IL-4, IL-10,
and IFN-γ production elicited from PBMC using polyclon-
al activators did not differ between allergic and nonallergic
subjects. In another study, it was shown that despite dif-
ferent levels of memory T cell subsets in peripheral blood in
patients with chronic diseases such as leprosy and atopic
diseases, cytokine profiles of T-cell subsets were unchanged
compared with normal subjects [26]. The results presented
in our report differ from most studies, which demonstrate
increased IL-4 production and decreased IFN-γ by PBMC
after in vitro polyclonal stimulation in AD patients
compared with nonatopic subjects [9, 28, 29, 36]. In
contrast, Källström et al. [18] showed decreased frequency
of intracellular IFN-γ- and IL-4-producing T cells in whole
blood preparations from adult patients with AD. Moreover,
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Fig. 3a, b Percentage of CD3+ tumor necrosis factor-alpha (TNF-α) +

and CD4+ TNF-α + in phorbol-12-myristate 13-acetate (PMA)-and-
ionomycin-stimulated peripheral blood from children with “pure” atopic
dermatitis (AD) (n=6) and children with AD and concomitant bronchial
asthma (n=9) and healthy children (n=7). a The percentage of CD3+

TNF-α + in AD children with asthma was significantly lower than in

healthy children (*p<0.01). b The percentage of CD4+ TNF-α + in “pure”
AD was significantly higher than in children with concomitant bronchial
asthma (*p<0.01). Other cytokines [interleukin (IL)-2, IL-4, interferon-
gamma (IFN-γ)] were similar in the subgroups. The Mann–Whitney U
test was used to determine significant differences between all subgroups

�Fig. 2 Frequencies of CD3+ and CD4+ T cells producing interleukin
(IL)-2, IL-4, interferon-gamma (IFN-γ), or tumor necrosis factor-
alpha (TNF-α) before and after in vitro stimulation with phorbol-12-
myristate 13-acetate (PMA) and ionomycin in healthy and atopic
dermatitis (AD) children. Polyclonal stimulation increased production
of all cytokines in AD patients much more intensely (for most cases,
p=0.0006; for CD4+/IL-4+, p=0.001) than in controls (p=0.02 in all
cases). B baseline: spontaneous cytokine staining without stimulation,
S: cytokine staining with stimulation. The Mann–Whitney U test was
used to determine significant differences between spontaneous
cytokine staining and cytokine staining with stimulation
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no significant differences in IL-4 and IFN-γ production
were shown, but lower IL-2 and TNF-α by PBMC between
AD and non-AD individuals was demonstrated [35]. Also,
differential cytokine production of circulating cutaneous-
lymphocyte-associated antigen CD4+ T cells (CLA+ CD4+)
from AD patients with acute or chronic skin lesions
compared with healthy controls was reported [4]. A recent
report demonstrated that the Th2 predominance in atopic
individuals is partly due to the preferential apoptosis of
circulating memory/effector Th1 cells [2]. The discrepancy
between our findings and other reports may be the result of
the heterogeneous character of the investigated patient
group. In a previous study, a different cytokine pattern of
stimulated T cells was demonstrated among children with
AD and bronchial asthma [21]. In the present study,
children with concomitant bronchial asthma had a signifi-
cantly lower production of TNF-α by stimulated CD4+ T
cells than did children with “pure” AD and by stimulated
CD3+ T cells compared with healthy children. The lower
percentage of T cells producing TNF-α in children with
asthma is conflicting, with results obtained in other studies
suggesting that TNF-α, due to its ability to regulate
inflammatory-cell infiltration and induction of airway
hyperresponsiveness, plays an important role in the patho-
genesis of asthma. TNF-α mRNA is more frequently
expressed in the airway of asthmatic subjects compared
with normal subjects [5]. The increased cytokine release
from the bronchoalveolar lavage (BAL) cells and allergen-
stimulated PBMC of asthmatic subjects was also evidenced
[7, 27]. It may be possible that the part of the observations
made in AD children with asthma were influenced by the
fact that the children used inhaled corticosteroids (ICS).
ICS reduce the expression of effector cytokines in airway T
cells, in particular, cytokines IL-4, IL-5, IL-13 and to a
lower extent TNF-α. [12, 39]. One study documented the
modulating effect of ICS also on PBMC cytokine expres-
sion [11]. In addition, corticosteroids increase IL-10
production by T cells and macrophages, which may lead
to a decrease in TNF-α synthesis. [19, 30].

It has also been documented that cytokine production
seems to be related to age [22]. In our study, we observed
that IFN-γ was decreased along with AD patient’s age,
which was not the case for the control group. Whether this
can influence subsequent clinical course of AD remains to
be elucidated. Although we used flow cytometry to detect
intracellular cytokine expression at the single-cell level, as
with most authors of the above-cited reports, some differ-
ences in technique, including time stimulation, permeabili-
zation, stimulation agents, Golgi apparatus blockers,
antibody, and analyzed T cell subsets, could have an impact
on our results [10].The small number of subjects may also
be a drawback of this study; nevertheless, some differences
among the particular subgroups were observed. In our

study, we failed to demonstrate a role of IL-4 in patients
with AD, but we showed significantly increased total IgE
levels and numbers of circulating eosinophils in AD
patients compared with the control group. IL-13, another
representative Th2 cytokine, was shown to be an important
cytokine leading to IgE production, and it is also implicated
in the pathogenesis of AD. Indeed, the recently published
study supports the role of IL-13 in AD [3, 23]. Unfortu-
nately we were not able to measure IL-13 production in this
study. On the other hand, over the past few years, it has
become clear that Th1/Th2 imbalance is insufficient to
explain many experimental observations in allergic dis-
eases, and other subset of T cells—termed regulatory T
cells (Tregs)—might play a critical role in controlling the
expression these diseases. Current evidence shows that both
naturally occurring CD4+-,CD25+-,and IL-10-secreting
Tregs can suppress Th2 responses to allergen; however,
this process may be defective in atopic subjects. [20, 37]

On the basis of these results, e.g., lack of increased intra-
cellular IL-4 expression after in vitro polyclonal stimulation
of peripheral CD3+ and CD4+ T cells in children with AD,
we conclude that Th2 predominance is not a general
characteristic of T cells among our children with AD.
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