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Abstract

Background: Atopic dermatitis (AD) is an allergic skin
disease mediated by antigen-specific IgE and an impor-
tant role has been ascribed to CD4+ cells (Th cells). The
objective of the study was to evaluate humoral and cel-
lular immunological factors in the blood and the skin le-
sions of AD patients, and to analyze the presence of in-
flammatory cell-surface markers in blood and skin
biopsies. Methods: The parameters for monitoring of 40
AD patients included results of prick test to inhalant al-
lergens and epicutaneous (patch) test to contact aller-
gens; values of total IgE, serum immunoglobulins (IgG,
IgA, IgM) and different cell markers in the sera (CD3, CD4,
CD8, CD20, CD21, CD23, HLA-DR). We also analyzed the
presence of inflammatory cell-surface markers (CD3,
CD4, CD8, CD20, CD20, CD1a, CD23, CD29, CD45Ro,
IFNvy+ markers) in the biopsies of skin lesions from 10 AD
patients and 5 healthy controls (HCs) by immunohisto-
chemical analysis (method of avidin-biotin immunoper-
oxidase). Results: Beside increased total serum IgE and

positive skin tests, a significantly higher percentage of
CD23+ cells with lower percentage of CD21+ cells was
revealed in peripheral blood of AD patients in compari-
son to HCs. A positive epidermal expression of the ma-
jority of markers of T cells (CD3+, CD4+, CD8+, CD29+,
CD45Ro+, IFNvy+) and those of Langerhans’ cells (LCs)
(CD1a, CD23+), without those of B cells (CD20+) were
noted in AD patients, but no in the skin of HCs. Further-
more, significant difference was also found between the
two groups for increased expression of CD3, CD4, CDS8,
CD29, CD45Ro, IFNy+ markers (markers for IFNy recep-
tor) and higher intraepidermal CD23+ LCs and intrader-
mal CD1a+ LCs in AD skin lesions. Conclusions: The ob-
tained results suggest involvement of various humoral
factors with increased production of IgE and cooperation
between Th subsets and LCs, with higher production of
related cytokines, and disturbed cellular immunity, in-
cluding epidermal LCs with IgE receptors of high and low
affinity in AD. The annotation of activated Th1 cells with
increased producing of IFNvy in acute AD skin lesions is
notable, and might lead to IFNvy binding to keratinocytes
and consequently inflammatory skin changes in the dis-
ease.
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Introduction

Atopic dermatitis (AD) is an allergic skin disorder that
occurs in individuals with atopy, and is characterized by
extreme itching, erythema, excoriations, and lichenifica-
tions at predilection sites. Although the pathogenesis of
AD has not yet been fully elucidated, immune disorders
of humoral (type I) and cellular (type IV) immunity have
been implicated [1-4]. There is an increasing evidence
that the activation of T-helper cells (Th2 cells producing
IL-4,1L-5 and IL-6, IL-9, IL-10, IL-13, IL-25, or Th1-cells
producing IL-2, interferon-y (IFNy), lymphotoxin), re-
peated release of mediators and cytokines from skin mas-
tocytes, allergen-induced activation of Langerhans’ cells
(LCs) and lymphocytes may be involved in the pathogen-
esis of AD and lead to chronic inflammatory alterations
in the skin of AD patients [1-4]. Disturbed humoral im-
munity and relative imbalance between Thl- and Th2-
cells with overproduction of IL-4 and disturbed cellular
immunity including epidermal LCs with IgE receptors of
high-affinity FceRI are prominent findings in AD [1-5].
The low-affinity receptor FceRII (CD23) is expressed on
LCs, human B cells, monocytes, follicular dendritic cells,
1s important for regulation of IgE synthesis and triggers
the release of tumor necrosis factor (TNF), IL-1, IL-6, and
granulocyte-macrophage colony-stimulating factor (GM-
CSF) from human monocytes. It has been recently re-
vealed that the influx of CD4+ lymphocytes has been re-
lated to the upregulation of IL-16 in AD skin lesions, and
circulating B-chemokines (Eotaxin and Rantes) and IL-16
correlate with severity of the disease in the children with
AD [5].

Besides the history of atopy and characteristic clinical
picture, laboratory tests are also useful in setting the di-
agnosis of AD, although there is no reliable laboratory test
or lesion pathognomonic for AD. Many observations sug-
gest that environmental allergens play an important role
in the disease onset and exacerbation, which is demon-
strated by in vivo (skin tests) and in vitro (e.g. determina-
tion of total and specific IgE antibodies) testing [5, 6].

Skin tests and determination of increased IgE values
are common diagnostic parameters, but immunopheno-
typing of cell markers on T-cells (e.g. CD3, CD4, CD8,
HLA-DR), B cells (e.g. CD21 and CD23) and other cells
may contribute to the recognition of factors involved in
the pathogenesis of AD. The use of immunophenotyping
has lately allowed the cells in the sera and cellular infil-
trate in AD skin lesions to be analyzed in more detail,
thus to get a better insight into the pathogenesis of
AD.
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The objective of this study was to examine different
immunological and allergological parameters in the blood
and skin of AD patients, and to define the most important
immunological factors involved in the pathogenesis of
AD.

Materials and Methods

Subjects

Forty patients with AD (23 females and 17 males, aged 1-68
years) and 20 healthy controls (HCs) (12 females and 8 males, aged
5-63 years) participated in clinical examination. AD patients had
typical clinical signs of AD and the diagnosis of AD was made us-
ing the criteria by Hanifin and Rajka [7]. None of the patients had
received any treatment for at least 1 week before the study.

Biopsy specimens obtained from skin lesion of 10 AD patients
(3 females and 7 males with AD, aged 25-50 years) were submit-
ted to immunohistochemical analysis (cell immunophenotyping),
and the results were compared with those recorded for the skin of
5 healthy control subjects (4 females and 1 male, aged 25-50
years). Biopsy specimens were obtained from acute-stage skin le-
sions at typical AD localizations. Normal skin biopsies, without
selected pathological changes taken from the routine material ex-
amined at the Institute of Pathology, served as controls.

Skin Tests

Skin prick tests to standard series of inhalant allergens were
performed using commercially prepared solutions (supplied by the
Institute of Immunology, Zagreb). Negative (50% mix of glycerin
and physiological saline) reaction and positive (histamine) con-
trols were included. The tests were performed on clinically unin-
volved skin on the subjects’ forearms. The wheal diameter was
measured at 20 min and a diameter of >3 mm was taken as posi-
tive. The result was positive in at least one allergen of standard
test series [1, 2].

Epicutaneous (patch) test was carried out with allergens of the
standard series according to the International Contact Dermatitis
Research Group (ICDRG) in adult patients with AD and children
over 5 years of age. Positive patch tests included reactions to 1 or
more plus (+) on the contact allergens according to ICDRG
[1,2].

Analysis of Peripheral Blood

Values of total IgE were determined by the standardized radio-
immunosorbent test (Pharmacia, Uppsala, Sweden) and enzyme-
linked immunosorbent assay (ELISA) methods. The upper limits
for normal IgE values were 150 IU/ml, whereas in children it was
evaluated according to their age. Values of IgG, IgA, and IgM were
determined by radial immunodiffusion.

Immunophenotyping of cells in the blood was analyzed by flow
cytometer (FACSCalibur, San Jose, Calif., USA), and specific an-
tibodies (Becton Dickinson, Heidelberg, Germany) by three-color
immunofluorescence analysis. The following antibodies were
used: CD3, CD4, CD8, CD20, CD2, CD23 and HLA-DR [8, 9].
Reference values were the following: CD3+ T cells 59-86%, CD4+
cells 29-65%, CD8+ cells 14-54%, CD20+ cells 2-20%, CD21+
cells (12.6 * 3.8%), CD23+ cells (0-8%), HLA-DR+ cells (10-
32%) [8, 9].
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Analysis of Skin Lesions

Immunohistochemical analysis of the skin biopsy specimens
was performed by standard avidin-biotin immunoperoxidase
method. Half of skin sample was snap frozen in liquid-resistant
nitrogen and used for determination of IFN+vy+ cells (cells with pos-
itive markers for IFNv). The rest of the sample was fixed in forma-
lin, paraffin embedded, at 4 pm histological sections, and used for
determination of CD4, CD1a, CD23, CD29, CD45Ro, and IFNvy+
cells, deparaffinized in xylol, and rehydrated in graded alcohol, and
then incubated with nonimmune horse serum for 20 min to block
the nonspecific antibody binding. Upon incubation, the serum was
removed from the slides, and the slides were incubated with pri-
mary antibodies for 30 min. The following primary antibodies were
used: anti-CD3, -CD4, -CDS8, -CD23 (Dako, Glostrup, Denmark),
and anti-IFNvy+ (Serotec). We analyzed only CD23 markers on LCs
with characteristic LC morphology in the skin.

Upon incubation with primary antibody, the sections were
washed three times in phosphate-buffered saline (PBS) buffer, and
a secondary antibody (biotinylated multi-link swine anti-goat-
mouse-rabbit immunoglobulins) was applied. After 30 min, incu-
bation slides were washed in PBS, and incubated with biotin-avidin
peroxidase conjugate (ABC/HRP kit; Dako, Copenhagen, Den-
mark) for 30 min. The preparations were washed in PBS, and the
staining immunoproduct was visualized with diaminobenzidine
(DAB; Dako) in PBS with 0.01% H,O,. The slides were counter-
stained with hematoxylin and embedded in the medium [10-12].
Positive controls were used in each staining.

Interpretation of Results

The markers of T-cells (CD3+, CD4+, CD8+, CD29+,
CD45Ro+), B cells (CD20+), and those of Langerhans’ cells (CD 1 a,
CD23+) were determined in the dermis and epidermis. Cell count-
ing in the dermis and epidermis was done under a light microscope.
Total cell count per mm? dermis area, and total cell count per mm
epidermis length were determined. Intensity of IFN+vy+ staining was
determined using semiquantitative method and designated as fol-
lows: 0 (no staining), + (some staining), or ++ (abundant staining),
and according to involved thickness, and the results were classified
as 1 (rare), 2 (some), 3 (many), 4 (abundant).

Statistical Analysis

Tables of mean values, minimum and maximum values were
determined for all studied parameters. Statistical analysis was done
by comparison of the results obtained in the two groups using

Results

The study results show that most of AD patients had
more positive reactions in prick test (in 27 of 40 (67.5%)
cases) (table 1). The most common positive reactions
were to house dust, followed by mites and feathers. Twen-
ty-six (65%) of 40 AD patients showed positive patch test
reactions with the standard series of contact allergens.
The most positive reactions were to nickel (14 patients),
cobalt-chloride [13], and bichromate [13].

All HCs Had Negative Skin Test Results

Values of total IgE in AD patients were mostly in-
creased (table 2). Patients with AD showed increased val-
ues of IgE in 29/40 (72.5%) cases. Other immunoglobu-
lins (IgG, IgA, IgM) were within normal limits in the ma-
jority of AD patients (table 2).

Expression of CD3+, CD4+, CD8+ cells in the blood
of AD patients were mostly normal (CD3 in 37/40, CD4
in 35/40, CD8 in 40/40 cases), but increased CD23 on B
cells were noted in a quarter of AD patients (10/40) (table
3). Values of CD21 were normal in half (20/40) of the AD
patients, but decreased in 18/40 AD patients. HLA-DR
expression was normal in almost all patients (38/40). Al-
though mostly normal expression of markers was ob-
tained in the results, it was noticed that AD patients had
statistically significantly higher percentage of CD23+
cells and lower percentage of CD21+ cells and CD3+ cells
than HCs (p < 0.05) (table 3).

Table 1. Skin tests results in AD patients (n = 40) and HCs
(n =20)

Prick test Patch test

Mann-Whitney test. The correlations between total IgE and prick AD (n = 40) positiye 27 (67'52@ 26 (65'02/0)

test (number of positive allergens), between values of total IgE and negative 13 (32.3%) 14 (35.0%)

expression. of CD4, between tote}l IgE apd CD23 in the blooq Were (s (n = 20) positive 0 0

a.lso.exammed in each AD patient. Differences were considered negative 20 (100.0%) 20 (100.0%)

significant at p < 0.05.

Table 2. IgG, IgA, IgM and IgE values in .

AD patients Immunoglobulins 1gG (n = 40) IgA (n = 40) IgM (n = 40) IgE (n = 40)
Normal 39 (97.5%) 39 (97.5%) 40 (100%) 11 (27.5%)
Increased 0 0 0 29 (72.5%)
Decreased 1 (2.5%) 1 (2.5%) 0 0

Increased Keratinocytes Receptor for
IFN-Gamma in Acute Atopic Dermatitis
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Table 3. Determination of cell markers in AD patients’ and healthy
controls’ blood

Analysis of CD4/CDS8 ratio in the blood of AD patients
showed a median of 1.68.
All HCs had normal values of CD3+, CD4+, CD8+,

S P CD20+ CD23+, CD21+, and HLA-DR+ cells in the pe-
ripheral blood (table 3).

CD3 The results also revealed the correlation between total
Normal 37 20 serum IgE and prick test positive results in AD patients
Increased 0 0 -2.152 0.031 =0.023. o0 = 0.359). but lati b 1
Decreased 3 0 (p =0.023, p =0.359), but no correlations between t'ota

CD4 IgE and serum CD4+ cells (p =0.413), and no correlations
Normal 35 20 between total IgE and serum CD23+ cells (p=0.925) were
Increased 4 0 -0.251 0.802  found.

CDlg)ecreased ! 0 Results of immunophenotyping (CD3, CD4, CDS,
Normal 40 20 CD2Q, CDla,. CD23, CD2.9, CD45Ro anq IFNvy+ cell§)
Increased 0 0 ~1.115 0.265  of skin biopsies of AD skin, compared with nonatopic
Decreased 0 0 healthy skin, are shown in table 4. Analysis of infiltrating

CDI%I?)rmal 39 n cells in AD patients and HCs showed substantial differ-
Increased 1 0 ~0.283 0777  encesin the inﬁltrgting gell count, especially .in the large
Decreased 0 0 number of T-cells in skin lesions of AD, which was not

CD21 observed in HCs (fig. 1). Table 4 shows the number of
Normal 20 20 infiltrating cells with specified cell markers in AD patients
Increased 2 0 -3.760 0.000 d | sub; for CD3: epid s 4-32 di
Decreased 18 0 and contro su jects (for D3: epidermis 4- (me fan

CD23 17.5), dermis 65-258 (median 113); for CD4: epidermis
Normal 30 20 1-25 (median 6), dermis 15-212 (median 67); for CD8:
Increased 10 0 -3.201 0.001  epidermis 1-16 (median 7.5), dermis 12-168 (median
Decreased 0 0 . .

HLA-DR 59.5)). Study results show that the predominant cells in
Normal 38 20 AD skin were CD3+, CD4+ and CD8+, and also a higher
Increased 0 0 -0.393 0.694  expression of CD1a, CD29, CD45Ro, and IFNvy+ cells in
Decreased 2 0 them (fig. 2). The significant difference was recorded in

Table 4. Determination of cell markers in

the skin (e = epidermis, d = dermis) of AD AD HCs Z p

patients and HCs median min-max median min-max

CD3 (e) 17.5 4-32 0 0-1 -3.092 0.002
CD3 (d) 113 65-258 3 2-9 -3.067 0.002
CD4 (e) 6 1-25 0 0-0 -3.130 0.002
CD4 (d) 67 15-212 1 1-2 -3.090 0.002
CDS (e) 7.5 1-16 0 0-1 -3.033 0.002
CD8 (d) 59.5 12-168 2 1-5 -3.065 0.002
CD20 (e) 0 0-2 0 0-0 -1.035 0.301
CD20 (d) 1.5 0-32 8 4-12 -0.299 0.194
CDla (e) 31.5 5-102 16 12-21 -0.980 0.327
CDla (d) 17.5 3-42 4 2-8 -2.513 0.012
CD23 (e) 12 3-68 0 0-0 -3.124 0.002
CD23 (d) 10.5 2-19 5 4-6 -0.867 0.386
CD29 (e) 8 1-18 0 0-0 -3.121 0.002
CD29 (d) 61 21-114 3 1-4 -3.065 0.002
CD45Ro (e) 21 6-41 0 0-0 -3.133 0.002
CD45Ro (d) 147 71-272 5 4-6 -3.067 0.002
TFNvy+ cells (e) 3 1-4 0 0-0 -3.208 0.001
IFNvy+ cells (d) 1 1-1 0 0-0 -3.742 0.000
128 Int Arch Allergy Immunol 2005;137:125-133 Lugovi¢/Lipozenci¢/Jaki¢-Razumovic



Fig. 1. Skin lesion of AD with numerous T cells in the dermis. Im-
munohistochemical staining with anti-CD3 antibody (Dako).
Counterstaining with hematoxylin. x 20.

higher skin expression of CDla+ LCs in the dermis and
higher CD23+ LCs count in epidermis of AD patients
than in skin of HCs (p = 0.012 for dermal CD1, p = 0.002
for epidermal CD23).

Comparison of the results obtained in AD patients and
HCsyielded a statistically significant difference in a high-
er number of infiltrating cells expressing CD3, CD4,
CD8, CD29, CD45Ro, IFNy+ markers, and increased
CD1la+ LCs in the dermis, increased CD23+ LCs in the
epidermis in AD patients compared to HCs (p < 0.05).

In AD patients, the CD4/CDS ratio in the epidermis
ranged from 0.13to 4.17 (the mean being 1.33), and CD4/
CDS8 ratio in the dermis varied from 0.17 to 4.92 (the
mean being 1.49), whereas the respective figures in HCs
were 0 in the epidermis and ranged from 0.2 to 1 in the

Increased Keratinocytes Receptor for
IFN-Gamma in Acute Atopic Dermatitis

Fig. 2. Skin sample of a patient with AD immunohistochemically
stained with anti-CD1a antibody (Dako). There is an increased
number of Langerhans’ skin cells. Counterstaining with hematoxy-
lin. x40.

dermis. The AD intralesional infiltrates were observed to
contain only a small CD20+ lymphocyte count.

The analysis of AD skin lesions revealed that in epi-
dermis CD1a+, CD45Ro+, CD3+, and CD23+ cells dom-
inated and in dermis CD3+, CD45Ro+, CD4+, and
CD8+ cells were mostly found.

On the other hand, in HCs epidermis only CD1a were
expressed, and in dermis CD23+, CD45Ro+, and CD1a+
cells were rarely found.

The analysis of AD skin lesions revealed statistically
significant correlation between number of CD4+ cells and
CD23+ LCs in the epidermis (p = 0.005, p = 0.809) and
dermis (p = 0.036, p = 0.665).

A positive epidermal expression of the majority of
markers of T-cells (CD3+, CD4+, CD8+, CD29+,

Int Arch Allergy Immunol 2005;137:125-133 129



CD45Ro+, IFNvy+) and those of Langerhans’ cells (CD1a,
CD23+), without those of B-cells (CD20+), was noted in
AD patients, but not in the skin of HCs (table 4).

The expression of CD29 and CD45Ro was found in
dermis and epidermis of all AD patients, but only in der-
mis of few HCs. The higher number of CD3+ cells with
CD29 and CD45Ro markers was revealed in dermis and
epidermis of AD skin lesions, but not in skin of HCs who
expressed them only rarely in dermis (table 4).

It was also observed that IFN+vy+ cells were found in
epidermis of all AD patients but only rarely in their der-
mis, but the expression of IFNvy+ cells was not noted in
HCs.

The analysis of expression of LCs markers revealed in
skin of AD patients statistically significantly higher ex-
pression of CD1a in the dermis and significantly higher
CD23+ LCsnumber in the epidermis in comparison with
HCs (table 4).

Discussion

There are different attempts to determine the various
allergic parameters in AD: by means of skin tests (early
hypersensitivity tests), total or specific IgE (determina-
tion by RAST or ELISA), specific provocation tests, etc.
[1,2]. The results vary and the percentage of positive skin
test reactions ranges from 50 to over 90%. However, the
pathogenic role of other environmental inhalant and nu-
tritive allergens is rather difficult to demonstrate because
of the ubiquitous occurrence of allergens, and the fre-
quent polyvalent IgE sensitization. In this study, skin
tests to standard series of inhalant allergens identified
that the most common allergens causing skin allergy were
house dust, followed by mites and feather, confirming the
role of this environmental allergens in the occurrence of
AD. The correlation between total IgE and prick test (p =
0.023) in AD patients was found in our study, supporting
the role of IgE in AD. However, despite the raised level
of serum IgE in the majority of AD patients, it may be
within normal limits, even in individual patients with
extensive skin lesions, and determination of IgE level is
of no pathognomonic significance [2].

Besides early hypersensitivity, delayed hypersensitiv-
ity of type IV (cell-mediated immunity) is considered to
be involved in the pathogenesis of AD [1, 2]. Therefore,
determination of the cell markers on lymphocytes (e.g.
CD3, CD4, CDS8) could be of importance for the disease.
The recent studies have indicated that the receptors for
IgE of high affinity (FceRI) and low affinity (FceRII,

130 Int Arch Allergy Immunol 2005;137:125-133

CD23) have an important role in the pathogenesis of AD.
In AD patients, the analysis of CD23 receptors on the
peripheral blood mononuclear cells (PBMC) showed el-
evated CD23 expression, and CD21, in a lesser degree,
when compared to controls, and positive correlation be-
tween CD23 and total serum IgE levels in the tested al-
lergic children, stressing the role of CD21-CD23 ligand-
pair interaction in IgE-mediated diseases [2]. Determina-
tion of CD3, CD4, CDS§, CD21, CD23 markers on T and
B lymphocytes of peripheral blood showed normal values
in most AD patients, but significantly higher CD23 ex-
pression and lower CD3+ and CD21+ cells in AD patients
in comparison with HCs, and the cells were HLA-nega-
tive. The obtained results are in accordance with those of
other authors, as we also confirmed the significantly high-
er expression of CD23 in the peripheral blood of AD pa-
tients in acute phase than in HCs. The obtained results
suggest parameters of early and delayed immunity in the
blood of AD patients with those of interactions of IgE,
T-cells and CD23 receptor for IgE of low affinity (FceRII)
with consequence of skin inflammation in AD.

Besides skin tests, peripheral blood testings, histologic
picture and immunohistochemical analysis of AD skin
biopsy have also identified different immunological fac-
tors involved in AD. Many authors report on the results
of their long-term studies of various markers expressed
on the surface of the cells infiltrating AD skin lesions [6,
13].

Analysis of AD skin lesions reveals a mononuclear in-
filtrate consisting of lymphocytes, predominantly by
CD4+ T-cells, monocytes, and an increased intraepider-
mal LC count, mainly in the perivascular parts of the
dermis, and to a lesser extent in the epidermis [14-17].
Perivascular infiltrate in the dermis of AD skin lesions
consisted of activated helper CD4+ T lymphocytes ex-
pressing HLA-DR+ (an increased number of activated
memory T-cells), a large number of APCs such as CD1a+
cells (dendritic cells, DCs) (10-15%), macrophages (10%),
and interdigitating reticulum cells (20%) [ 18]. It has been
noted that APCs, IgE bearing LCs and inflammatory den-
dritic cells (IDECs) express the high-affinity IgE receptor
(FceRI) and play an important role in allergen presen-
tation of Th2 to Thl cells. The increased expression of
FceRI on DCs in AD skin is due to enhanced expression
of FceRI vy chain and is preserved by increased IgE levels
[5]. Recent study analysis shows that keratinocytes, mast
cells and IDECs release tumor necrosis factor-a (TNF-a)
and IL-1 cytokines, which induce expression of VCAM
and facilitate the extravasation of inflammatory cells into
the AD skin [5].
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In AD skin lesions, mostly CD4+ lymphocytes, with a
predominance of CD4+CD29+ lymphocytes (helper/in-
ductor, 87.9%), and some CD4+CD45R+ lymphocytes
(suppressor/inductor, 6%) were found [19]. It was also
demonstrated that IL-4+ cells prevail in the incipient
stage of AD, while IFN+v+ cells prevail over [L-4+ cells in
the late and chronic stage of AD [19]. Thus, Th2-cells
producing Th2-cytokines probably play a role in the ini-
tiation of eczematous reaction, whereas Thl-cytokines
are involved in the exacerbation of chronic lesions [13].
In skin lesions of AD patients a significantly higher
CD23+ cell count (>3-fold), and a greater number of
CD25+ cells, HLA-DR+ cells and CD45R O+ cells (mem-
ory T-cells) were also found [20]. The results of our study
are generally consistent with the data listed above.

Our study supports increased infiltration of CD3+ and
CD4+ cells with expression of CD29 and CD45Ro (mem-
ory T-cells) in AD skin lesions, suggesting the infiltration
of activated Th1-cells in acute skin lesions of AD patients.
Although both produce IL-2, IL-10, and IL-3, Thl- and
Th2-subsets of CD4+ T-cells produce mainly different
cytokines, and expression of their cell markers differs [4,
21-25]. While Th1-subsets express CD45Ro and CD29,
and produce IFNvy and help in cellular immunity (T-
cells), Th2 subsets express CD45RO, but not CD29, and
produce I1L-4, IL-5, IL-6, and help in humoral immunity
(B-cells). It is important to add that Th1- and Th2-cells
are not two distinct CD4+ T-cell subsets, but simply
repre-sent polarized forms of the highly heterogeneous
CD4+ Th-cell-mediated immune response [21-25]. Our
results showed that in skin lesions of all AD patients
memory Thl subsets of T-cells (CD45Ro and CD29)
dominated, supporting participating of cellular immuni-
ty mediated by Thl-cells in acute phase of AD.

It has also been noted that immunological abnormal-
ity of Th1 immunity in AD patients is induced concomi-
tantly with both the quantitative, qualitative and func-
tional defect of memory type CD4+ T-cells, as supported
by significantly reduced number of CD4+ CD45RO+
memory type T-cells found on PBMC of AD patients
[26].

The expression receptors for IFNy (IFNvy+ cells) on
keratinocytes in acute lesions of all AD patients also es-
tablish Th1-cell involvement and their cytokine produc-
tions, what slightly occurs in the dermis, where only rare-
ly IFNvy+ cells were found. It might be that in acute AD
skin lesions, prominent activation of Th1 cells with in-
creased production of IFN+ plays an important role, lead-
ing to IFNvy binding to keratinocytes and consequently
inflammatory skin changes in AD. It also could be that

Increased Keratinocytes Receptor for
IFN-Gamma in Acute Atopic Dermatitis

increased IFNvy may inhibit AD development by inhibit-
ing Th2 differentiation and cytokine release, but once
initiated, the disease may be exacerbated by the Thl-cy-
tokines via inflammatory mechanisms. This notion is also
supported by other authors and findings of increased
numbers of IFN+y-secreting cells in AD progression, al-
though it is still unclear if switch from Th2 to a Th1 re-
sponse represents progression of disease or is an attempt
to downregulate inflammation [23].

The upregulated IFN+y receptor in AD patients is prob-
ably connected with gene for IFNvy receptor, which is a
highly expressed gene, as revealed in monocytes from AD
patients [27]. This gene is involved in MHC class I anti-
gen presentation and recognition of antigens, and the up-
regulation of gene suggests that circulating monocytes in
AD patients may be primed to differentiate into effector
cells by conditions associated with AD [27]. It is impor-
tant to mention that in some allergic patients dysfunc-
tion of interferon-gamma receptor 1 (IFNGRI1) gene
(IFNGR) was found, and that L467P in the IFNGR 1 gene
is one of candidate susceptibility genes for allergic dis-
eases [28]. Recently it was noted that in the IFNGR 1 gene
Leu 467 Pro was revealed, a single-nucleotide substitu-
tion, which is associated with allergic diseases [28].

However, it could be that keratinocytes contribute to
the inflammation by expressing IFNvy, the most potent
keratinocyte activator, and a variety of proinflammatory
molecules [29]. It was also revealed that suppressor of
cytokine signaling (SOCS)1 and SOCS3 are negative reg-
ulators of IFNvy signaling and are induced in many cells
by IFN itself or by other cytokines, supporting impaired
IFNv-dependent inflammatory responses in keratino-
cytes overexpressing the suppressor of cytokine signaling
1 [29]. Our study results indicate prominently higher ex-
pression of receptor for IFNvy in AD skin than in non-
atopic subjects’ skin, which may be due to their difference
in their intrinsic ability to respond to proinflammatory
stimuli. The other study results have also revealed that
keratinocytes cultured from AD patients had much high-
er IFN+y-induced release of cytokines (IL-1a, IL-1 recep-
tor antagonist (IL-1ra), GM-CSF, and TNF-a), indicating
they are hyperresponsive to IFNvy in terms of cytokine
release [30].

It has been revealed that nonallergic subjects’ blood
exhibits allergen-specific Thl responses, although they
have neither allergic symptoms nor any type of inflam-
matory response to allergen challenge [24]. Our examina-
tion of skin of nonallergic healthy subjects revealed no
Th1 response or IFNvy+ cells in epidermis and dermis.
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Determination of IgE expressed on LCs in skin lesion
infiltrate and increased intraepidermal and intradermal
deposition of IgE-a confirm interaction between IgE and
LCs and connection of early and delayed hypersensitiv-
ity reactions in AD. Our study supports increased number
of IgE on the LCs and expression of low affinity (FceRII,
CD23) in acute AD skin lesions. Namely, AD skin con-
tains an increased number of IgE-bearing LCs, that via
FceRI or FceRII, which are thought to bind allergens and
are more strongly expressed in lesional skin in AD than
in other inflammatory diseases, as supported by our re-
sults. It has also been shown that LCs are hyperstimula-
tory to helper T-cells and can activate helper T-cells to
the Th2 phenotype in the initiating phase of AD [5].

Our analysis of AD skin lesions also revealed signifi-
cant correlation between numbers of CD23+ LCs and
CD4+ cells in the epidermis and dermis, indicating in-

creased Th-cells and LCs participation and cooperation
between cell markers with involvement of humoral and
cellular immunity and increased activation of Th1-sub-
sets. On the other hand, Goto et al. [31] have noted that
the numbers of epidermal LCs were negatively correlated
with the clinical severity of the AD lesions, indicating that
epidermal LCs may decrease in some conditions of AD,
probably in lesions with severe inflammation.

Although the study included a relatively small number
of subjects, the results obtained point to a conclusion that
many immune factors are involved in the pathogenesis of
AD. Disturbed humoral immunity with increased pro-
duction of IgE and disorders of cellular immunity includ-
ing epidermal LCs with IgE receptors of high and low
affinity, relative imbalance between Thl- and Th2-sub-
sets of CD4+ T-cells producing cytokines indicate prom-
inent immune disorders in AD.
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