
Staphylococcus aureus skin colonization in
atopic dermatitis children is associated with
decreased IFN-c production by peripheral
blood CD4+ and CD8+ T cells

Atopic dermatitis (AD) is one of the most
common diseases in childhood resulting from
both genetic and environmental factors. It is well
known that AD is associated with elevated IgE
and eosinophilia, the hallmark of Th2 (IL-4,
IL-5, IL-13) cytokine response. Increased expres-
sions of Th2 cytokines at the site of allergic
inflammation and by circulating allergen-specific

T cells is documented in AD in several studies
(1, 2).
Numerous studies pointed to the role of

activated CD4+ T cells in AD and other atopic
disease as main producer of Th2 cytokines.
Besides CD4+ T lymphocytes, CD8+ T cells are
likely to play an important role in the patho-
genesis of AD. The production of proallergic
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Atopic dermatitis (AD) is a chronic inflammatory skin disorder, which
is associated with an increased expression of Th2 cytokines with con-
comitant decrease in IFN-c production by circulating CD4+ and CD8+

T cells. The skin of patients with AD is often colonized by Staphylo-
coccus aureus, which may reflect in changes in immunological parame-
ters. The aim of the study was flow cytometric measurement of some
peripheral blood lymphocyte subsets expressing naive/memory marker
(RA/RO) and activation marker (CD25) as well as intracellular pro-
duction of IFN-c by peripheral blood CD4+ and CD8+ T cells from
varied severity AD children and determine the impact of S. aureus skin
colonization on cytokines profiles. There was a significant increase in
the percentage of CD4+ and CD8+ T cells producing IL-4 and IL-13
and decrease in the percentage of CD4+ and CD8+ T cells producing
IFN-c upon in vitro stimulation with phorbol 12-myristate 13-acetate
and ionomycin in children with AD compared to healthy ones. The
absolute number of CD4+ and CD8+ T cells expressing memory
marker CD45RO was elevated as compared with controls. The severity
of AD was positively correlated with the percentage of lymphocyte
subsets: CD45RO+, CD4+CD45RO+, and the percentage of CD3+

and CD4+ expressing CD25 as well as the number of S. aureus on
the skin. In conclusion, both CD4+ and CD8+ memory T cells are
involved in the immunopathogenesis of AD. S. aureus skin colonization
is related with disease severity and changes in expression of CD45RO
and CD25 on T cells. A decrease in the percentage of CD4+ and CD8+

T cells producing IFN-c in AD children may explain propensity for skin
infection.
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cytokines was initially ascribed to CD4+ cells.
There is now broader evidence that CD8+ T
cells are also able to secrete Th2 cytokines (3).
The importance of CD8+ T cells in the path-
ogenesis and exacerbation of allergic diseases
has been recently highlighted by identification of
allergen-specific CD8+ T cells (4).
Patients with AD exhibit defects in innate and

acquired immune responses leading to a high
susceptibility to certain cutaneous bacterial, fun-
gal and viral infections. In particular, the skin of
patients with AD is frequently colonized by
Staphylococcus aureus, which is found in over
90% of patients (5, 6). A contributing factor for
increased S. aureus skin infection may be the
significantly decreased expressionof antimicrobial
peptides (AMPs), such as human ß-defensin
(hBD)-2, LL-37 (a cathelicidin), hBD-3 in AD
skin lesion (5–8). Toxins produced by S. aureus
exacerbate disease activity by both the induction
of toxin-specific IgE, augmentation of allergen-
specific IgE synthesis and the activation of various
cell types including Th-2 cells, eosinophils and
keratinocytes (3, 5, 9).
In the study, we wanted to address the

question of whether or not differences exist in
some immunological parameters between AD
and healthy controls particularly in terms of the
expression of naı̈ve/memory marker on periph-
eral blood CD4+CD8+ T cells and cytokine
production by those cells. Presuming that any
differences exist, we also raised the question
whether they are correlated with S. aureus skin
colonization.

Materials and methods

Forty children (mean age 9 ± 0.8 range from 2 to
18) suffering frommild to severeADwere enrolled
into the study. ADwas diagnosed according to the
criteria described by Hanifin and Rajka (10). The
severity of dermatitis was estimated according to
theSCORAD index (ranging from 0 to 103 points)
(11). Based on total score, nine children were
classified as mild (<25 points), 15 children as
moderate (25–50 points) and 16 children as severe
AD (>50 points). Thirteen children had conco-
mitant asthma symptoms; nine out of them were
taking ICS 100–200 lg per day. The control group
consisted of 56 healthy children (mean age
8.4 ± 0.5, range from 2 to 17) with a negative
history of allergic disease, the normal level of total
serum IgE and negative results of skin prick test.
The study was approved by the Ethics Com-

mittee of Medical University of Silesia, Kato-
wice. Written informed consent was obtained
from the parents of all patients.

Methods

Venous blood samples were obtained from each
subject and serum IgE and lymphocyte popula-
tions were assessed. The serum concentration of
total IgE was measured using commercially
available enzyme-linked immunosorbent assay
(ELISA) kits (Allergopharma; detection thres-
hold – 1.0 IU/ml)

Lymphocyte subsets in peripheral blood

Lymphocyte populations were analysed by multi-
parameter flow cytometry with 3-color analyses.
Phenotypes of T-cell population were obtained
with PerCP anti-CD3 antibody plus combinations
of FITC and PE-labelled antibodies specific for
CD4, CD8, CD25, CD45RA and CD45RO. Cells
were stained with appropriate isotype control
antibodies and non-specific staining was not
observed. Antibodies used for flow cytometry
were purchased fromBectonDickinson (San Jose,
CA,USA). After staining, analysis was performed
on a FACScan (Becton Dickinson) equipped with
an argon laser tuned to 488 nm. Data were
acquired and analysed with Cell Quest software
(Becton Dickinson). The proportion of lympho-
cytes stained with each monoclonal antibody was
converted to the absolute per microlitre by
multiplying the absolute number of lymphocytes
per microliter derived from complete blood count.

Intracellular cytokine staining

In 19 children with AD (mean age 8.4 ± 0.8,
mean SCORAD index 50.3 ± 10.5) and 16
healthy controls (mean age 9.2 ± 0.7) intra-
cellular cytokine staining before and after poly-
clonal stimulation was assessed.
Heparinized whole blood was diluted with

RPMI (BioWhittaker, Walkersville, MD, USA)
and calf serum and then after addition of 25 ll
(25 ng/ml) of phorbol 12-myristate 13-acetate
(PMA; Sigma, St Louis, MO, USA), 20 ll
(1 lg/ml) of ionomycin (Sigma) and 10 ll
(2.5 lm) 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 ll aliquots into tubes containing 20 ll anti-
human CD3-FITC and CD4-PerCp (Becton
Dickinson), vortexed and incubated for 20 min
at room temperature in the dark. To fix cells
100 ll of IntraPrep Reagent 1 (DAKO, Glostr-
up, Denmark) 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
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permeabilization of the white cells and lyses of
the red cells was then carried out by the adding of
100 ll IntraPrep Reagent 2 (DAKO) and incu-
bation. Intracellular staining procedure included
the addition of 20 ll of anti-IL-2, IL-4, IL-10,
IL-13, IFN-c, IFN-a monoclonal antibodies or
isotope control mouse antibodies conjugated
with PE (Coulter Immunotech, Fullerton, CA,
USA). The flow cytometric assessment with
FASCcan flow cytometry (Becton Dickinson)
was performed on the same day. Acquisition was
gated on CD3+ CD4+ and CD3+CD8+ cells
and then percentage of CD3+CD4+ and
CD3+CD8+ cells producing IL-2, IL-4, IL-10,
IL-13, IFN-c and TNFa was determined on dot
plots. Quadrants were set based upon isotope
control. The acquisition was performed both on
samples stimulated with PMA and ionomycin,
and on non-stimulated samples, in order to
estimate the residual intracellular expression of
the cytokines. Activation of the cells was con-
firmed by estimation of the CD69 expression,
which was over 95% in all samples. Acquisition
and analysis were performed with Cell Quest
software package (Becton Dickinson).

Isolation, identification and quantification of Staphylococcus
aureus

In all, the children with AD specimens were
obtained from lesional and non-lesional areas of
the skin, whereas in controls only from non-
lesional. Briefly, the sterile glass cylinders were
placed on the skin surface and 2 ml of sterile
0.9% NaCl solution was applied, skin surface
was rubbed with glass rod and fluid was aspired.
To quantify the number of S. aureus 1 ll of
fluid was plated onto non-selective 5% sheep
blood agar plates (Columbia blood agar; Bio-
Merieux, Marcy l�Etoile, France) and selective
mannitol salt agar and incubated for 24 h at
37�C. A positive identification was confirmed
with coagulase activity assay and SLIDEX
STAPH plus (BioMerieux), all performing
according to the manufacture’s recommenda-
tions. The number of bacteria was determined
by colony forming units (cfu). Nasal, throat
smears, using sterile cotton swabs were taken
from all the children.

Statistical analysis

Statistical analyses were performed using soft-
ware package (statistica, version 3.0; StatSoft,
Tulsa, OK, USA) and data presented as mean
value ± s.e. Mann–Whitney U-test was used for
comparisons between groups. Correlations were

calculated using the Spearman rank test. Values
of p < 0.05 were considered as statistically
significant.

Results

The demographic and background characteris-
tics of study subjects are shown in Table 1.
Difference in mean age between the two

groups was not statistically significant. Abso-
lute number of lymphocytes in AD was higher
(3208.27 ± 255) than in controls (2643.41 ±
96), but it did not reach a statistical signifi-
cance.

Atopic markers in AD patients and control group

The percentage of eosinophils (AD: 8.7 ± 1.14,
controls: 2.24 ± 0.18) and the counts of eosin-
ophils (AD: 305 ± 13.15, controls: 135 ± 6.16)
were significantly higher in AD than in the
healthy control group (p < 0.00002). Total
serum IgE levels was significantly higher in AD
patients (719.9 ± 154 UI/ml) than in controls
(28.2 ± 2.23 UI/ml; p < 0.00002).

Table 1. Demographic and clinical characteristics of patients with atopic
dermatitis (AD) and healthy children

AD Healthy

No. 40 56
Age (years; mean € s.e.) 9 € 0.8 8.4 € 0.5
Sex M: 16; F: 24 M: 22; F: 34
Mean duration of

AD (years; mean € s.e.)
8 € 0.8

SCORAD 40 € 3.6
Concomitant disorders

Asthma 13 (32.5%)
Rhinitis 11(27.5%)
Presence

of Staphylococcus
aureus on the skin

36 (97.5%) 0

In throat 16 (40%) 11(19.6%)
In nose 14 (35%) 15(26.7)%
Serum total IgE level 719.95 € 154 IU/ml 28.2 € 2.23 IU/ml
Positive skin prick tests 40 (100%)
Dermatophagoides pteronyssinus 25 (62.5%)
Dermatophagoides farinae 28 (70%)
Grass pollens 30 (75%)
Tree pollens 23 (57%)
Weed pollens 21 (52.5%)
Moulds 6 (15%)
Feather 5 (12.5%)
Cat 17 (42.5%)
Dog 6 (15%)
Milk 7 (17.5%)
Eggs 8 (20%)
Fish 5 (12.5%)
Nuts 9 (22.5%)

IFN-c shift caused by S. aureus in AD children
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Comparison of lymphocyte subsets between AD patients and
control group

The mean percentage ± s.e. for all examined
subpopulations are shown in Table 2. The per-
centage of CD3+ and CD4+ did not differ
between two groups but the number of CD4+

was significantly higher than in the healthy con-
trols (p < 0.03). The percentage but not the
number of CD8+ T cells was significantly lower
in AD children than in the healthy controls
(p < 0.008). Also the CD4+/CD8+ ratio was
significantly higher in AD comparedwith controls
(p < 0.004).

Comparison of expression of naive/memory (RA/RO) marker on
lymphocyte subsets between AD patients and control group

The percentage but not the number of
CD8+CD45RA+ was significantly lower in AD
than in the healthy controls (p < 0.008). More-
over, the percentage of CD45RO+ (p < 0.005)
and the number of CD45RO+ lymphocytes
(p < 0.006) was significantly higher in the
children with AD than in the healthy controls.
The percentage of CD4+CD45RO+ (p ¼ 0.5)
and CD8+CD45RO+ T cells (p < 0.07) in AD
did not differ compared with healthy children.

The number of CD4+CD45RO+ (p < 0.05)
and CD8+CD45RO+ (p < 0.002) T cells was
significantly higher in AD children than in
healthy children.

Comparison of expression of CD25 on CD3+ and CD4+ T cell
between AD patients and control group

The percentage of CD3+ and CD4+ T cells
expressing activation markers CD25 did not
differ between AD and controls, but the absolute
number of CD4+CD25+ was significantly higher
than in controls (p < 0.01).

Frequencies of CD4+ and CD8+ T cell spontaneously producing
IL-2, IL-4, IL-10. IL-13, IFN-c and TNF-a in AD patients and
control group

Frequencies of CD4+ T cell staining positively
for IL-2, IL-4, IL-10, IL-13, IFN-c and TNF-a in
unstimulated whole blood were similar in atopic
children and in healthy controls. The mean
cytokine production values of IL-2, IL-4, IL-10,
IL-13 IFN-c and TNF-a in the CD4+ subpop-
ulation in patients with AD were: 2.74 ± 0.26,
3.0 ± 0.33, 3.3 ± 0.28, 3.68 ± 0.28, 2.42 ±
0.22, 2.58 ± 0.34 respectively; in the control
group, they were: 3.11 ± 0.31, 2,83 ± 0.23,
4,58 ± 0.71, 3,33 ± 0.22, 2,50 ± 0.26, 3,0 ±
0.35. Frequencies of CD8+ T cell spontaneously
producing IL-4 tended to be higher than in the
healthy controls (p < 0.051). The mean cytokine
production values of IL-2, IL-4, IFN-c, IL-10,
IL-13 and TNF-a in the CD8+ subpopulation
in patients with AD were: 3.95 ± 0.48, 3.63 ±
0.31, 3.42 ± 0.43, 4.05 ± 0.38 3.79 ± 0.25,
3.32 ± 0.32, while in controls, they were:
3,58 ± 0.36, 2,75 ± 0.13, 4,0 ± 0.48, 3.42 ±
0.19, 3,08 ± 0.4, 3.0 ± 0.28.

Frequencies of CD4+ and CD8+ T cell producing IL-2, IL-4, IL-10,
IL-13, IFN-c and TNF-a after in vitro stimulation with
PMA + ionomycin in AD patients and control group

Mean value of frequencies of CD4+ and CD8+

T cell producing IL-2, IL-4, IL-10, IL-13, IFN-c
and TNF-a after in vitro stimulation with
PMA + ionomycin was shown in Table 3. Fre-
quencies of CD4+ and CD8+ T cells producing
IL-4, IL-13 after in vitro stimulation with
PMA + ionomycin were significantly higher in
AD patients than in the control group (IL-4:
p < 0.00001, p < 0.0003, for CD4+ and
CD8+ T cells, respectively, IL-13: p < 0.00001
for CD4+ and CD8+ T cells). In contrast,
frequencies of CD4+ and CD8+ T cells produ-
cing IFN-c in AD children were significantly

Table 2. Mean percentage and numbers of lymphocyte subsets in the
peripheral blood in atopic dermatitis (AD) children and healthy controls

T-cells phenotype AD (%, no.)
(n ¼ 40)

Healthy (%, no.)
(n ¼ 56)

CD3+ 67 € 0.9 66.8 € 0.89
2156.1 € 175 1768 € 68.1

CD4+ 40.7 € 1.1 38.9 € 0.99
1287 € 93.9* 1028 € 46.85

CD8+ 23.2 € 0.8** 27.3 € 0.84
758 € 84.2. 720 € 31.5

CD45RA+ 72 € 1.8 74 € 1.2
2233.7 € 215 1842.86 € 114.9

CD4+CD45RA+ 27.8 € 1.3 27.48 € 0.99
870.2 € 81.1 737.7 € 43.2

CD8+CD45RA+ 19 € 0.78** 21.6 € 0.64
621 € 75.8 572 € 26.5

CD45RO+ 38.5 € 1.85# 32.8 € 1.23
1161.9 € 76.1## 803 € 51.9

CD4+CD45RO+ 21.18 € 1.0 20. € 0.53
638.8 € 48.53U 522 € 21.9

CD8+CD45RO+ 9.8 € 0.83 7.8 € 0.33
315.12 € 31.55UU 200.4 € 11.9

CD3+CD25+ 5.28 € 0.5 7.27 € 0.44
158 € 15.4 196.53 € 33.45

CD4+CD25+ 4.9 € 0.3 4.5 € 0.44
148 € 9.8$ 110 € 12.52

CD4+/CD8+ 1.89 € 0.12& 1.51 € 0.08

Data as shown as mean € s.e.
*p < 0.03, **p < 0.008, #p < 0.005, ##p < 0.006, Up < 0.05, UUp < 0.002,
$p < 0.01, &p < 0.004.
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reduced compared to normal subjects
(p < 0.00001, p < 0.002 for CD4+ and
CD8+ T cells respectively) (Fig. 1). Frequencies
of CD4+ and CD8+ T cells staining positively
for IL-2, IL-10, TNF-a and IFN-c after stimu-
lation with PMA and ionomycin were similar in
both groups.

Relationships between serum IgE levels and immunological
parameters

Significant positive correlations were observed
between the percentage of CD4+CD45RO+

(R ¼ 0.32, p < 0.04) and frequencies of
unstimulated CD4+ staining positively for
IL-13 and stimulated CD4+ staining positively
for IL-10 (R ¼ 0.57; p < 0.01, R ¼ 0.49;
p < 0.03 respectively) and serum IgE. We

found that there was a trend towards a
correlation between serum IgE and stimulated
CD4+ staining positively for IL-13, but it did
not reach a statistical significance (R ¼ 0.45;
p < 0.06). In addition, there was a significant
inverse correlation between total serum IgE
levels and the percentage of CD45RA+ lympho-
cytes and absolute number of CD4+ T cell
expressing naive marker RA (R ¼ )0,34;
p < 0,03, R ¼ )0.33; p < 0.04 respectively).

Relationship between Staphylococcus aureus skin colonization,
severity of AD and immunological parameters

Staphylococcus aureus was present on the skin in
36 (97,5%) out of 40 children. None of the
children in the control subjects showed the
presence of S. aureus on the skin. The number

Table 3. Percentage of CD4+ T cells and CD8+ T cells producing IL-2, IL-4, IL-10 IL-13, INF-c and TNF-a after in vitro activation with phorbol 12-myristate-13-acetate
and ionomycin. Differences between children with atopic dermatitis (AD) and control subjects were found

CD4+/IL-2+ CD4+/IL-4+ CD4+/IL-10+ CD4+/IL-13+ CD4+/INF-c+ CD4+/TNF-a+

AD n ¼ 19 8.05 € 0.6 8.89 € 0.21* 7.42 € 0.55 12.89 € 0.74 * 6.84 € 0.41* 7.21 € 0.61
Controls n ¼ 16 9.11 € 0.56 6.16 € 0.39 9.25 € 0.69 7.83 € 0.49 11.67 € 0.58 7.22 € 0.42

CD8+/IL-2+ CD8+/IL-4+ CD8+/IL-10+ CD8+/IL-13+ CD8+/INF-c+ CD8+/TNF-a+

AD n ¼ 19 8.21 € 0.46 8.68 € 0.34** 7.95 € 0.49 12.68 € 0.33* 6.63 € 0.32$ 6.58 € 0.58
Controls n ¼ 16 8.08 € 0.47 6.08 € 0.4 8.67 € 0.63 7.58 € 0.53 8.5 € 0.38 6.83 € 0.44

Data as shown as mean € s.e.
*p < 0.00001, **p < 0.0003, $p < 0.002.
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Fig. 1. Percentage of CD4+IL-4+, CD4+IL-13+, CD4+IFN-c+and CD8+IL-4+, CD8+IL-13+, CD8+IFN-c+in PMA
and ionomycin stimulated peripheral blood from children with AD (n ¼ 19) and healthy children (n ¼ 16). (a) The percentage
of CD4+IL-4+, CD4+IL-13+ in AD children was significantly higher (p < 0.00001) and the percentage of CD4+IFN-c+

was significantly lower than in healthy children (p < 0.00001). (b) The percentage of CD8+IL-4+, CD8+IL-13+ was
significantly higher in AD children (p < 0.0003, p < 0.00001 respectively) and the percentage of CD8+IFN-c+ was signi-
ficantly lower than in healthy children (p < 0.002). Other cytokines (IL-2, IL-10, TNF-a) were similar in the two groups. The
Mann–Whitney U-test was used to determine significant differences between two groups.
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of S. aureus on the skin was significantly corre-
lated with serum IgE levels (R ¼ 0.37, p ¼ 0.02)
and the percentage of lymphocyte subsets expres-
sing following markers CD45RO+ (R ¼ 0.48,
p ¼ 0.002), CD4+CD45RO+ (R ¼ 0.39, p ¼
0.01), CD3+CD25+ (R ¼ 0.54, p ¼ 0.0005)
and CD4+CD25+ (R ¼ 0.53, p ¼ 0.0007).
There was an inverse correlation between the
number of S. aureus on the skin and the
percentage of lymphocytes expressing naive mar-
ker, e.g. CD45RA+ (R ¼ )0.35, p < 0.03) and
frequencies of unstimulated CD4+ staining pos-
itively for IFN-c (R ¼ )0.76, p < 0.0002). On
the other hand, SCORAD index was positively
correlated with serum IgE level (R ¼ 0.52;
p < 0.0005) as well with the percentage of
eosinophils (R ¼ 0.35; p < 0.047) and the
percentage of CD45RO+ (R ¼ 0.47; p <
0.001), CD4+CD45RO+ (R ¼ 0.46; p <
0.002), CD3+ CD25+ (R ¼ 0.5; p < 0.0009),
CD4+CD25+ T cells (R ¼ 0.49; p < 0.001) and
the number of S. aureus on the skin (R ¼0.6,
p < 0.00009). There was a significant inverse
correlation between SCORAD and the frequen-
cies of CD4+ spontaneously producing IFN-c
and CD8+ T cells positively staining for IFN-c
in response to PMA + ionomycin (R ¼)0.57;

p < 0.009, R ¼ )0.47; p < 0.03 respectively)
(Fig. 2).

Discussion

In this study, we demonstrated, similarly to other
reports, that elevated serum IgE levels and the
percentage of eosinophils in AD children are
correlated with disease severity (12). Characteriz-
ing T-cell subsets, we could show some significant
differences with respect to the general proportion
of examined CD3+, CD4+, CD8+ T cells as well
and the naive/memory compartment in the peri-
pheral blood between the group with AD and the
healthy non-atopic children. We showed the
predominance of CD4+ T lymphocyte in peri-
pheral blood in AD children as patients with AD
had decreased percentage of CD8+ T-cell subset
and significantly increased CD4+/CD8+ ratio
and number of circulating CD4+ T cells as
compared with healthy controls. Despite decrea-
sed percentage of CD8+ T cells, the absolute
number of this lymphocyte population did not
differ between AD and controls. The predomin-
ance of CD4+ T lymphocytes in peripheral blood
aswell as in the cellular dermal infiltrate inADwas
shown in several studies (3, 13).
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Fig. 2. (a) Correlation between severity of AD measured by the SCORAD index and the percentage of circula-
ting CD4+CD45RO+ T cells (R ¼ 0,46; p < 0,002). (b) Correlation between severity of AD and the percentage of CD4+

spontaneously expressing IFN-c+ (R ¼ )0,57; p < 0,009). (c) Correlation between severity of AD and the percentage of
CD8+/IFN-c+ in PMA and ionomycin stimulated peripheral blood (R ¼ )0,47; p < 0,03). (d) Correlation between severity
of AD and density of Staphylococcus aureus (R ¼ 0,6; p < 0,00009).
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Histology of skin lesions, as studied by Picker
et al. (14) revealed that, the great majority of T
cell in cellular infiltrate of AD skin lesions is of
the CD45RO+ (memory) phenotype along with
CLA (cutaneous leukocyte antigen) expression.
Imbalance of memory CD45RO+ T cells in
peripheral blood of patients with allergic disease
has been reported, but results are inconsistent
(13, 15, 16). In the present study, the percentage
and the number of circulating CD45RO+ T cells
were significantly higher in AD children, but the
proportion of CD4+CD45RO+ cells did not
differ between AD patients and controls, simi-
larly to other reports (17). In addition, the
percentage of CD8+ cell expressing naive marker
(RA) was significantly decreased, in contrast –
expressing memory marker (RO) tended to be
higher in AD children. Moreover, the percentage
of CD4+CD45RO+ in AD children correlated
with disease activity. In one study, increased
percentage of CD4+CD45RO+ in children
and young people with severe AD, but not
with mild AD as compared to healthy controls
was evidenced (16). In contrast, in adult with
severe AD, decreased percentage of memory
CD4+CD45RO+ T cells in peripheral blood in
AD compared with that of healthy controls was
found (15). Interestingly, in our study, the
number of memory CD4+CD45RO+ and
CD8+CD45RO+ T cells were significantly high-
er in children with AD than in healthy ones.
Our findings suggest that both compartment of

memory CD4+ and CD8+ T cells are implicated
in the immunopathogenesis of AD and this may
be also due to S. aureus skin colonization. In our
study, almost all children were affected S. aureus
skin colonization. Nasal and throat S. aureus was
also more frequent in AD children than healthy
controls. The higher frequency of S. aureus
carriage in AD patients was reported in other
study (18). Increased colonization of AD skin by
S. aureus is associated with exacerbation of the
inflammatory immune response, which is largely
mediated by bacterial superantigen, such as
staphylococcus enterotoxin (SE), SEA, SEB,
and toxic shock syndrome toxin (TSSS)-1. The
potent immunostimulatory properties of super-
antigen result from simultaneous interaction with
Vb domain of the T-cell receptor on lymphocytes
and the MHC class II molecule on surface of
antigen presenting cells (APC) (5, 9). In the
peripheral blood of AD patients whose skin is
colonized by S. aureus, a relevant skewing of
superantigen reactive Vb families was observed
in CD4+ and CD8+ T cells co-expressing CLA
(19). Moreover, the CLA+CD8+ T cells isolated
from skin or peripheral blood of AD patients

respond to superantigenic stimulation to the
same extent as CD4+ T cells (20).
We found similar proportions of CD25 expres-

sion on circulating T cells in general and on
CD4+ T cells when comparing patients with AD
and control group, which is in accord with other
studies (13, 16). However, both the percentage of
CD3+CD25+ and CD4+CD25+ lymphocytes
were correlated with disease activity and density
of S. aureus on the skin. It is known that, CD25
is upregulated upon activation of T cells. How-
ever, among CD4+ expressing CD25+ is a
distinct subset with regulatory activity
(CD4+CD25+ Treg.). Regulatory CD4+CD25+

T cells normally inhibit Th2 cytokine expression
and proliferation of PBMC from non-atopic
donors in response to allergen. Some recent
reports have suggested the existence of defects in
the number/or function of CD4+CD25+ Treg. in
atopic individuals (21). In recent study, it was
demonstrated that CD4+CD25+ Treg. cells are
substantially increased in AD, but lose their
immunosuppressive activity in response to sti-
mulation by superantigen (22). In AD patients
with skin colonization by superantigen produ-
cing S. aureus because of an inappropriate
function of CD4+CD25+ Treg. instead of sup-
pression may increase T-cell activation and the
inflammatory reactions.
Using flow cytometric assay on whole blood

from children with AD, we demonstrated signi-
ficantly higher frequencies of CD4+/IL-4+,
CD4+/IL-13+, CD8+/IL-4+ and CD8+/IL-
13+ T cells compared with blood obtained from
healthy, non-atopic children. The excessive Th2
production by polyclonally stimulated T cells
was accompanied with significantly decreased
frequencies of both CD4+ and CD8+ cells
producing IFN-c in the patients with AD as
compared with controls. Our results are in
accord with other works, which has reported
increased production/mRNA of IL-4 and IL-13
with concomitant decreased IFN-c expression by
polyclonally stimulated PBMC from AD patients
(17, 23).
The most striking finding in our study was a

decrease in IFN-c production by both CD4+

and CD8+ T cells, which was inversely corre-
lated with SCORAD index and the number of
S. aureus on the skin. Both parameters SCO-
RAD and the number of bacteria were correla-
ted with CD4+ T expressing memory marker
RO and the percentage of CD3+ and CD4+ T
cells expressing activation markers CD25 as well
serum IgE levels. There was recently demon-
strated, that impaired IFN-c production may
account for the abnormal immunopathogenesis
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of severe, intractable AD (24). IFN-c is consid-
ered a key cytokine of innate and adaptive
immunity playing pivotal roles in host defence
against microbial pathogens thorough activation
of monocytes, macrophages, natural killer (NK)
cells, enhancing antigen processing and presen-
tation and modulation of humoral immune
response, therefore, its deficiency results in an
inappropriate pathogen elimination and in part
may explain propensity to skin infections in AD
patients (25). On the other hand, increased total
IgE levels may lead to the inhibition of skin
defence as IgE inhibits neutrophil adhesion,
phagocytosis as well respiratory burst (26). Also
Th2 cytokines IL-4 and IL-13 may increase
propensity to S. aureus skin colonisation due
the fact, that they can increase expression of
fibrynoectin and fibrinogen, receptors that medi-
ate the adhesion S. aureus to stratum corneum
(27). Besides this, IL-4 and IL-13 suppress the
TNF-a and IFN-c induced upregulation of HD-
2 and HD-3 mRNA in keratynocytes and
normal skin (28). Our study findings support
notion, that the severity of AD is correlated
with density of S. aureus on the skin and that
the number of S. aureus is correlated with total
IgE levels (29).
It is believed that defect in IFN-c secretion

following polyclonal stimulation is a generalized
feature of atopic disease (30). Comparing atopic
children with healthy subjects, in the culture
supernatants of PBMC with SEB stimulation,
AD/or atopic children produced more Th2
cytokines, such as IL-4 (30), IL-5 (31), IL-13
(32), and less Th1 cytokines, such as IFN-c (30).
Concerning the serum IgE levels, we have also

found that it was positively correlated with IL-13
and IL-10 producing CD4+ T cells. Akdis et al.
(3) in a previous study demonstrated that in AD
patients IgE production by B cells is induced
mainly by IL-13 (not IL-4) derived from both
memory/effector CD4+ and CD8+ expressing
CLA. If the key role of IL-13 in allergic diseases
including its impact on IgE production is well
documented, the contribution of IL-10 in human
atopic disease seems to be more complex. IL-10
inhibits Th2 and Th1 cytokine synthesis, and
eosinophil survival and decreases epsilon tran-
script expression and IgE synthesis induced by
IL-4, but actually increases IgE production from
B cells that have already switched (33). Most
studies indicate an association between increased
IL-10 production and decreased allergic reaction.
It was shown that severe AD is associated with
reduced frequency of IL-10 producing allergen-
specific CD4+ T cells (34). Also impaired IL-10
responses to broad range of environmental

stimuli including foods, intestinal flora, S. aureus
and vaccines in young children with AD were
found (35). In contrast, some studies demonstra-
ted increased frequency of intracellular IL-10
expressing peripheral CD4+ and CD8+ T cells
as well serum IL-10 levels in AD patients (36).
Moreover, skin lesions in AD exhibited elevated
IL-10 gene expression, which downregulates
HBD-2 expression in the skin (8). In our study,
we could not find any differences according
IL-10 production by T cells between AD children
and healthy controls, which is in line with other
studies (13).
In this study, serum IgE level was positively

correlated with CD4+ T cells expressing memory
markers (RO) but negatively with the percentage
of CD45RA lymphocytes and the number of
CD4+ T expressing naive marker (RA). Prior
reports suggest that both CD45 (RA/RO) subsets
may play significant and distinct roles role in the
induction of IgE synthesis (37).
In conclusion, this study demonstrated

immunological differences in peripheral blood
between AD and healthy controls, in particular
in terms of number of CD4+ and CD8+ T cell
expressing memory marker cell and impaired
type 1 and dominant type 2-cytokine expressions
in both CD4+ and CD8+ T cells. An increase in
memory CD4+ and CD8+ T cells indicate that
both subtests may be decisive in the immuno-
pathogenosis of AD and this could be related to
the S. auresus skin colonization. Since diminished
IFN-c expression was correlated with disease
severity and density of S. aureus on the skin, it is
possible that deficiency of IFN-c in AD may at
least partially explain propensity to skin infection
in AD children.
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