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Abstract

Background Atopic dermatitis (AD) is a chronic inflammatory skin disease with increasing frequency over the last
decades, especially in adults. Cytokines orchestrate atopic skin inflammation.

Objectives The aim of this study was to compare serum levels of cytokines in adult patients with acute AD (AD1)
with other groups of AD patients and controls and investigate the possible association between such cytokines and
disease severity.

Methods We measured cytokine levels using flow cytometry in 21 adult patients with acute AD, 12 adults with
chronic AD, 10 children with acute AD and 10 healthy adults.

Results Flow cytometry analysis of cytokines revealed that interleukin 10 (IL-10), IL-6, interferon v (IFN-y) and IL-4
levels were significantly decreased in AD1 group compared with controls, whereas IL-2 and tumour necrosis factor
(TNF) did not differ. Comparison of AD1 group with adults chronic phase group showed that IgE, eosinophil and IL-2
levels remained unaltered, whereas IL-10, IL-6, IFN-y, IL-4 and TNF were significantly decreased. SCORAD and IgE
levels were significantly increased, IL-10, IL-6 and IFN-y were decreased and TNF, IL-2, IL-4 and eosinophil levels
remained unchanged in AD1 group compared with children acute phase group. Within AD1 group correlation
analysis revealed that IgE and TNF levels were significantly associated with AD severity. Coefficient of determination
analysis revealed that TNF and IgE levels could explain 49.14% and 35.28% of the variance of SCORAD.
Conclusions These data indicate that serum IgE and TNF levels correlate with AD severity and that serum
cytokines are downregulated in AD1 group. Further studies are clearly needed to elucidate cytokines’ role in adults

with AD.
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Introduction

Atopic dermatitis (AD) is a chronic, relapsing, pruritic, inflam-
matory skin disease with complex genetic and immunological
background.! It is a superficial skin inflammation which can
seriously affect health status of infants, children and adults.”
Frequency of AD has been increasing gradually over the last dec-
ades, especially in older people.”™ Adult AD has been relatively
ignored in epidemiological research.® However, in developed
countries adults make up approximately 80% of the population,
meaning that up to a third of all subjects with the disease are
adults. Lifetime prevalence of AD has been reported to be
10-20% in children and 1-3% in adults worldwide. In developed
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countries it has increased two- to three-fold over the past three
decades and there is evidence suggesting that it continues to
increase.”®

Pathogenesis of AD remains to be elucidated and includes dis-
turbed skin barrier function, frequent allergic responses against
allergens, defects in the antimicrobial immune defence and genetic
predisposition.>® Recent studies provide insights into the underly-
ing immunological mechanisms, suggesting that chemokines and
cytokines in peripheral blood and skin orchestrate atopic skin
inflammation.’

In this study, we have tried to elucidate the role of the com-
plex interdependent network of the rapidly growing protein
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superfamilies of cytokines in the peripheral blood of Greek AD
population, especially adults with acute AD, using flow cytometry.

Materials and methods

Forty-three consecutive patients (25 males, 18 females) with AD,
diagnosed according to the criteria of Hanifin and Rajka, visiting
our Department between January 2009 and June 2009, were
recruited for this study and distributed into four (4) groups, accord-
ing to their age and disease activity. Our target group was adults
with acute AD (group 1). Patients’ details are shown in Table 1.

Our control group consisted of 10 healthy, age-matched indi-
viduals, who did not have any signs or symptoms of AD nor a
personal history of other atopic conditions (asthma, rhinitis and
conjunctivitis) and did not receive any antihistamines, or systemic
and topical corticosteroids.

Individuals were excluded from the study, if they suffered from
other inflammatory skin diseases, such as psoriasis, seborrhoeic
dermatitis and ichthyosis, from systemic infections, or overt asth-
matic symptoms such as cough, wheeze and shortness of breath
or exercise-induced bronchospasm. Furthermore, patients were
not treated with systemic corticosteroids, ultraviolet radiation
(UVR), immunomodulating drugs (cyclosporine and/or topical
pimecrolimus or tacrolimus) or oral antihistamines with or with-
out topical corticosteroids, for a period of 4 weeks before entering
this study. They were allowed to use a topical corticosteroid or
oral antihistamine after the blood samples were collected. Some
patients with AD had a personal history of respiratory allergy,
which was inactive.

Specimens’ collection

Blood samples were collected from all patients during exacerbation
of AD, except for the 10 patients who were in the chronic phase.
They were kept at room temperature for 30 min till they coagu-
lated, and were centrifuged at 550 g for 10 min. The obtained ser-
ums were preserved at —70 °C and dissolved just before the
analysis.

Table 1 Patients’ characteristics

Informed consent was obtained from each patient or their
parents. This study was approved by the Institutional Ethical
Committee and Declaration of Helsinki protocols were followed.

Laboratory examinations

Full blood and eosinophil counts were measured using a routine
haematology analyser. Total Serum IgE levels (ROCHE) were
measured according to the manufacturer’s protocol, using the
analyser ELECSYS 2010 (ROCHE, Tokyo, Japan). Total IgE
levels lower than 100 IU/mL for adults, <15 IU/mL for neo-
nates 1-12 months, <60 IU/mL for 1- to 5-year-old children,
<90 TU/mL for 6- to 9-year-old children and <200 IU/mL for
children between 10 and 15 years old were within normal values.

Determination of specific IgE levels (IMMULITE, DPC-SIE-
MENS, Flanders, NJ, USA) was performed for a mix of food aller-
gens (casein, milk, egg yolk, egg white, wheat, fish and tomato) or
aeroallergens (Dermatophagoides pteronyssinus, Dermatophagoides
farinae and Parietaria officinalis). Specific IgE < 0.1 kU/L was
considered normal.

Detection of cytokines in the serum of patients and healthy con-
trols was performed according to the manufacturer’s instructions.
The BD CBA Human Th1/Th2 Cytokine Kit II (Becton Dickin-
son, San Diego, CA, USA) was used to quantitatively measure
interleukin 2 (IL-2), IL-4, IL-6, IL-10, tumour necrosis factor
(TNF) and interferon y (IFN-y) protein levels, in a single sample.

Assessment of disease severity

Atopic dermatitis severity was assessed by the same dermatologist
using the Scoring Atopic Dermatitis (SCORAD) index of the
European Task Force on atopic dermatitis.'® Briefly, it is defined
by the following parameters: (i) extent, (ii) intensity of skin lesions
and (iii) subjective symptoms such as pruritus and sleep loss.
The final score was calculated by using the following equation:
a/5 + 7b/2 + c. In this study, patients were grouped into low,
mild and severe disease, according to SCORAD values, ranging
between 0 and 25, 25 and 50, or >50 respectively.11

Group Disease Disease Sample Age group Gender SCORAD* IgEt RAST test
number status activity size (years)
1 AD Acute 21 >18 15 males 2 low 13 positive 10 positive
6 females 13 moderate 8 negative 11 negative
6 severe
2 AD Acute 10 0-2 6 males 2 low 4 positive 4 positive
4 females 6 moderate 6 negative 6 negative
2 severe
3 AD Chronic 12 >18 4 males 10 low 9 positive 6 positive
8 females 2 moderate 3 negative 6 negative
4 Control - 10 >18 6 males - 10 negative 10 negative
4 females

*SCORAD classification: low = 0-25, mild = 25-50, severe > 50.

TIgE classification: normal limits: <100 IU/mL for adults, <15 IU/mL for neonates 1-12 months, <60 IU/mL for 1- to 5-year-old child, <90 IU/mL for
6 to 9-year-old children, and <200 IU/mL for children between 10 and 15 years old.

AD, atopic dermatitis.
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Statistical analysis

Statistical analyses were performed using spss 12.0 (Statistical Pack-
age for Social Sciences; SPSS Inc., Chicago, IL, USA) for Windows.
Normality tests were performed for all dependent variables. For
comparison studies the paired Student’s t-test was used for vari-
ables following normal distribution whereas for others Wilcoxon
signed ranks test was performed. The relationship between SCO-
RAD and other variables was investigated using Pearson product-
moment correlation coefficient (r) for variables following normal
distribution whereas for others Spearman’s rank order correlation
(p) was performed. Preliminary analyses were performed to ensure
no violation of the assumptions of linearity and homoscedasticity.
All P-values were two-tailed, and differences were considered sig-
nificant when the P-value was less than or equal to 0.05. Summary
data are expressed as mean + SEM.

Results

Patients’ characteristics are shown in Table 1. All patients had
C-reactive protein, antistreptolysin O and erythrocyte sedimenta-
tion rate within normal values.

Table 2 Patients’ descriptives

Comparison of adults acute phase group (group 1) with
children acute phase (group 2)

Results are shown in Table 2 and Fig. 1. Comparison between
adults acute phase group and children acute phase group revealed
that SCORAD and IgE levels were significantly increased in adults
acute phase group (P-values 0.005 and 0.003 respectively). Eosino-
phil levels were not altered (P-value 0.59). Flow cytometry analysis
of cytokines revealed that IL-10, IL-6 and IFN-y were decreased in
adults acute phase group (P values 0.01, 0.005 and 0.0001 respec-
tively), whereas TNF, IL-2 and IL-4 remained unaltered (P-values
0.098, 0.88 and 0.079 respectively).

Comparison of adults acute phase group with adults
chronic phase group

Results are shown in Table 2 and Fig. 2. The two groups did not
differ significantly in age (P-value 0.123). Comparison between
the two groups revealed that SCORAD was significantly increased,
whereas IgE and eosinophil levels remained unaltered in adults
acute phase group (P-values 0.0001, 0.963 and 0.254 respectively).
Flow cytometry analysis of cytokines revealed that IL-10, IL-6,

Group Age* SCORAD IgE Eosinophils IFN-y TNF IL-10 IL-6 IL-2 IL-4
number (years)
1 35.6 +5.7 47.3+35 176.3 +48.5 0.51 +0.11 2.11 + 0.1 3.47 + 042 3.77 £ 0.2 291 +02 582+1.7 247 +£0.2
2 0.71+02 31.1+26 30.7=+10.37 1.17 +0.48 3.98 + 0.5 3.73+0.35 532 + 0.5 465+05 2.76+0.2 2.91 +0.03
3 30.7+22 19.7+18 153 +15.7 0.22 +0.006 13.63 + 4 11.63 + 4.9 6.8 + 0.45 10.61 +3 2.65+0.2 3.33+0.1
4 31 +1.68 — 80.39 + 3.29 0.21 = 0.01 4.86 + 0.52 3.7+ 0.42 556 +£0.2 48+ 041 332+05 33+024
*Mean + SEM.
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Figure 1 Comparison of adults acute phase group with children acute phase group. Comparison between adults acute phase

group and children acute phase group revealed that (a) SCORAD and (b) IgE levels were significantly increased in adults acute phase
group. Flow cytometry analysis of cytokines revealed that (c) IL-6, (d) IFN-y and (e) IL-10 were decreased in adults acute phase
group. The length of the box contains 50% of cases. The line across the inside of the box represents the median value. Lines
protruding from the box go out to the variable’s smallest and largest values. *P-value between 0.05 and 0.01, **P-value between

0.01 and 0.005, ***P-value >0.005. 1, adults acute phase group; 2, children acute phase group.
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Figure 2 Comparison of adults acute phase group with adults chronic phase group. Comparison between the two groups revealed
that (a) SCORAD was significantly increased. Flow cytometry analysis of cytokines revealed that (b) IFN-v, (c) IL-4, (d) IL-6, (e) TNF
and (f) IL-10 were significantly decreased in adults acute phase group. The length of the box contains 50% of cases. The line across
the inside of the box represents the median value. Lines protruding from the box go out to the variable’s smallest and largest values.
(***) = P-value >0.005. 1, adults acute phase group; 3, adults chronic phase group.

IFN-v, IL-4 and TNF were significantly decreased in adults acute
phase group (all P values <0.0001), whereas IL-2 remained unal-
tered (P-value 0.816).

Comparison of adults acute phase group with control
group

Results are shown in Table 2 and Fig. 3. The two groups did not
differ significantly in age (P-value 0.611). Comparison between
the two groups revealed that IgE and eosinophils levels, although
highly increased, did not differ significantly in adults acute phase
group (P-values 0.138 and 0.116 respectively). Flow cytometry
analysis of cytokines revealed that IL-10, IL-6, IFN-y and IL-4
were significantly decreased in adults acute phase group (P-values
0.0001, 0.0001, 0.002 and 0.024 respectively), whereas IL-2 and
TNF remained unaltered (P-values 0.966 and 0.252 respectively).

Correlation study revealed an association of TNF and

IgE levels with SCORAD within adults acute phase group
Results are shown in Table 3. Correlation study within adults
acute phase group revealed that TNF and IgE levels were signifi-
cantly correlated with SCORAD (correlation coefficient 0.701 and
0.594 respectively). For the other variables a non-significant corre-
lation was found. Coefficient of determination analysis revealed
that TNF and IgE levels could explain 49.14% and 35.28% of the
variance in SCORAD score.

Comparison between moderate and severe SCORAD
severity within adults acute phase group

Results are shown in Table 4 and Fig. 4. The two groups did not
differ significantly in age (P-value 0.930). Comparison between
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Figure 3 Comparison of adults acute phase group with control
group. Flow cytometry analysis of cytokines revealed that (a)
IFN-vy, (b) IL-6, (c) IL-10 and (d) IL-4 were significantly decreased
in adults acute phase group. The length of the box contains
50% of cases. The line across the inside of the box represents
the median value. Lines protruding from the box go out to the
variable’s smallest and largest values. *P-value between 0.05
and 0.01, **P-value between 0.01 and 0.005, ***P-value >0.005.
1, adults acute phase group; 4, control group.

the two groups revealed that IgE and eosinophil levels remained
unaltered (P-values 0.331 and 0.093 respectively). Flow cytometry
analysis of cytokines revealed that IL-6 and TNF were significantly
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Table 3 Correlations and coefficient of determination between SCORAD and age, IgE, eosinophils, IFN-y, TNF, IL-6, IL-10, IL-2 and

IL-4
Age IgE Eosinophils IFN-y TNF IL-6 IL-10 IL-2 IL-4
SCORAD (n = 21)
cc 0.269 0.594* 0.394 ~0.009 0.701* 0.385 0.039 0.132 0.224
COD (%) 7.23 35.28 15.52 49.14 14.82 0.15 1.74 5.01
Sig (2-tailed) 0.238 0.005 0.077 0.970 0.000 0.085 0.865 0.569 0.330

*Strong correlation.

CC, correlation coefficient; COD, coefficient of determination; Sig, significance.

Table 4 Patients’ characteristics in moderate and severe SCORAD severity scale within adults acute phase group

SCORAD Aget (years) IgE Eosinophils IFN-y TNF IL-10 IL-6 IL-2 IL-4
classification*

Moderate 38.283 £ 7.7 203.62 + 69.4 0.38 + 0.1 226 +0.1 3.08+04 6.06 + 2.8 2.57 +0.2 436 +1.7 234 +0.2
Severe 38.66 + 10.1 435.66 + 179.4 0.93 + 0.2 186 +02 476+1.0 16.16 75 393+05 1026 +4.6 293 +0.4

*SCORAD classification: low = 0-25, mild = 25-50, severe > 50.
tMean + SEM.
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Figure 4 Comparison between moderate and severe SCORAD
severity within adults acute phase group. Flow cytometry analy-
sis of cytokines revealed that (a) TNF and (b) IL-6 were signifi-
cantly increased in severe SCORAD group compared with
moderate SCORAD severity group. The length of the box
contains 50% of cases. The line across the inside of the box
represents the median value. Lines protruding from the box go
out to the variable’s smallest and largest values. *P-value
between 0.05 and 0.01.

T
Moderate

increased in severe SCORAD group compared with moderate
SCORAD severity group (P-values 0.04 and 0.017 respectively),
whereas IL-2, IL-4, IL-10 and IFN-y remained unaltered.

Discussion

In this study, we used a method based on unseparated whole
blood and investigated serum levels of several cytokines of both
Thl and Th2 type (IL-2, IL-4, IL-6, IL-10, IFN-y and TNF) in
adult patients with AD, to assess the possible relationship between
such cytokines and disease severity (SCORAD index) and clarify
the discrepancy between results from the previous studies. Cyto-
kine concentrations in the serum are often too low to be measured
using enzyme-linked immunosorbent assay (ELISA) and reported

12—

values obtained using ELISA vary considerably.'*™** The technique

of multiparametric flow cytometry enables cytokine production to

JEADV 2011, 25, 409-416

be studied at the single-cell level and has the advantage to rapidly
measure the cytokine production of thousands of individual cells
and detect simultaneously more than one cytokine in the same
cell.'”>™"7 Moreover, flow cytometry provides several advantages
when compared with conventional ELISA methodology, as: (i) the
required sample volume is approximately one-sixth the quantity
necessary for conventional ELISA assays because of the detection
of six analytes in a single sample, (ii) single set of diluted standards
is used to generate a standard curve for each analyte and (iii) the
experiment takes less time than a single ELISA and provides results
that would normally require six conventional ELISAs. A drawback
of our study is the relatively small sample size. However, the
previous studies demonstrating significant results included smaller
sample sizes.'*"

In this study, we investigated the concentration of cytokines in
serum of adults with acute AD compared with: (i) children with
acute AD, (ii) adults with chronic AD and (iii) healthy non-atopic
adults. For the adult groups studied, age did not differ signifi-
cantly. Most patients of our study suffered from mild or moderate
AD. Sixty-five percent of total number of patients presented with
pathological value of total IgE and 50% had at least one positive
result in certain allergens in RAST test. These results are in agree-
ment with the previous studies.'®"®

Our results show that concentration of TNF is increased in
patients with chronic disease, in which the Th1 type predominates.
The mean concentration of TNF is also slightly higher in healthy
controls than in adult patients in acute phase, without reaching
statistical significance.

An important finding of our study is that in group 1 patients’
concentration of TNF is higher (i) in patients suffering from severe
AD when compared with those with moderate and (ii) in patients
with increased IgE compared with those with normal values
of IgE.

© 2010 The Authors
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Moreover, in our research it seems that severity index
(SCORAD) has strong positive correlation with TNF (P = 0.0001)
and IgE (P = 0.005) in group 1. However, it appears that the
severity of disease depends more on TNF (29.92%) than on eosin-
ophils (22%) and IgE (21.25%). This evidence provides a crude
indication of a relationship between severity of AD and TNF. TNF
is distinguished in TNF-a and in TNEF-f. It has been demon-
strated that TNF-oo and TNF-f are downregulated along with
IEN-y in in vitro studies of human peripheral blood mononuclear
cells (PBMC).*>*! These findings support the hypothesis that Th1
cytokines are downregulated in AD. In other studies, on the
contrary, serum concentration of TNF-o in patients with AD is
increased and has a positive correlation with the severity of
disease.”* Another study indicated that TNF-o was found to be
increased in AD and the main inducer of chemokine IP-10 from
fibroblasts (and not IFN-y or the IL-4), which is particularly
increased in AD.>>**

It is well known that AD is related to increased production of
IgE. Normal serum IgE levels do not necessarily mean that atopy
does not exist. The production of IgE from B cells depends on
cytokines produced by T cell and is mainly correlated with IL-4.
On the contrary, IFN-y inhibits the synthesis of IgE. Our results
show that IgE has a strong correlation with TNF (P = 0.0001),
IL-4 (P = 0.003), IL-6 (P = 0.004), and is also correlated with eo-
sinophils (P = 0.005) and SCORAD index (P = 0.005). We found
increase in eosinophils and total IgE levels in peripheral blood
from patients with acute lesions, indicating that this stage probably
reflects a Th2 response.'” These results are in line with almost all
of the literature.”>*® Killstrém et al., Laske with Niggemann and
other researchers lead to the conclusion that IgE is related to the
severity of eczema.”””*® One recent study showed that 66% of chil-
dren with mild to moderate AD did not have measurable allergen
specific IgE in their serum, but total serum IgE levels were signifi-
cantly associated with the severity of dermatitis.'” By contrast,
there are reports which could not demonstrate a significant corre-
lation between SCORAD and IgE levels.* This correlation depends
also on other factors, such as gender, age, environmental exposure
to allergens and positive familial background for atopic diseases or
the coexistence of other allergic illnesses, e.g. asthma (a reason for
which a lot of patients were excluded from our study).

Another important result of our study is that SCORAD index
and IgE levels increase with age. The most likely explanation for
this result is that babies and small children with mild and moder-
ate AD are cured fast and their illness does not last for a long time,
while the symptoms and the SCORAD index of patients with seri-
ous AD last more. The increasing levels of IgE can be interpreted
from the increasing severity, as the greater damage of the skin can
easily lead to an increased danger of transepidermal sensitization
from more allergens.

We observed that concentration of IFN-y was higher in group 2
(infants with acute AD) compared with group 1 (adults with acute
AD). IEN-y was decreased along with AD patients’ age. This
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conclusion is in line with Machura et al. and Kimura et al., who
found that although the amount of IFN-y production in children
with AD was lower than the one found in non-atopic children, it
was higher in infants with AD than in non-atopic infants."**® It
has also been documented that cytokine production seems to be
related to age. It has to be stressed out that there are studies that
could not detect IFN-y with ELISA.>"*

The results presented in our study differ from other studies,
which demonstrate increased IL-4 production and decreased
IFN-y by PBMC after in vitro polyclonal stimulation in AD
patients compared with non-atopic subjects.'® Lonati et al., using
RT-PCR (reverse transcriptase polymerase chain reaction), showed
spontaneous mRNA expression of IL-4 and lower mRNA levels of
IFN-y in PBMC from AD patients compared with non-atopic sub-
jects.® In another study, mRNA levels of IL-13 and IL-5 but not
IL-4 in PBMC from AD patients were significantly higher com-
pared with controls.’* By contrast, Killstrém et al. showed
decreased frequency of intracellular IFN-y- and IL-4-producing
T cells in whole blood preparations from adult patients with AD.*®
Moreover, no significant differences in IL-4 and IFN-y production
were shown, but lower IL-2 and TNF-o. by PBMC between AD
and non-AD individuals were demonstrated.”’ Van der Velden
et al. and Borres et al. also reported increased IL-4 levels at
6 months of age which then subsequently decreased.*>>®

The discrepancy between our findings and other studies may be
the result of the heterogeneous character of the investigated
patient group and differences in technique used. To our knowl-
edge, this is the first report in Greek population. It is well known
that environmental factors play a role in the development of AD.
Probably, the Mediterranean nutrition plays also an important
role in prevention of AD, as in Greece its prevalence is less than
5%. The small number of subjects may also be a drawback of
this study; nevertheless, some differences among the particular
subgroups were observed.

Atopic dermatitis is a multifactorial disease, and hereditary,
environmental and immunological factors are all involved in its
pathogenesis. Genetic background has been clearly implicated in
AD.”” Tt is well documented that genetic abnormalities in cyto-
kines play an important role in immune responses and have been
implicated in the pathogenesis of AD.>*” Such abnormalities and
polymorphisms in the genes of TNF-o, IL-4, IL-4R, IL-12R, IL-6
and IL-10 have been previously published.””*® However, although
these polymorphisms may act as specific markers of AD and have
been associated with symptom of atopy, no confirmatory evidence
exists proving a cause-effect relationship between a specific locus
and the occurrence of AD phenotype or AD severity.””™° The
findings of our study suggest a significant role for TNF, a possible
therapeutic target, in the pathogenetic mechanism of the disease
and also stress the need for further investigation of the cytokine
profile in AD. We failed to demonstrate a role of IL-4 in patients
with AD, but we showed significantly increased total IgE levels
and number of circulating eosinophils that may be used along
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with TNF as important markers in the assessment of disease sever-
ity and follow-up of patients with AD. Another possible marker
of AD severity could be IL-31, as it has been correlated with
SCORAD index in adult AD pa'[ien'[s.40 Moreover, IgE and serum
IL-12 levels have been correlated with AD severity in children.*"*2
On the contrary, IL-16 serum levels were significantly higher in
children with AD, but no correlation was found between IL-16
and disease severity.*’

Over the past few years, it has become clear that Thl/Th2
imbalance is insufficient to explain many experimental observa-
tions in allergic diseases and other subset of T cells might play a
critical role in controlling the expression of these diseases. On the
basis of these results, we conclude that Th2 predominance is not
a general characteristic of T cells among our patients with AD.
Further studies are clearly needed to give deeper insight into the
significant role of cytokines in AD.
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