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Objective The aim of this study was to evaluate intracellular
cytokine production in peripheral blood of children with atopic
dermatitis (AD) before and following 2 weeks of treatment with
levocetirizine.

Patients and Methods Ten Kuwaiti children having mild to mod-
erate AD were enrolled in the study. Following levocetirizine treat-
ment, the clinical symptoms and flow cytometric analysis of T
cell intracellular cytokines were evaluated.

Results The drug-treated children exhibited a reduction in pet-
centages of eosinophil count (p < 0.05) as well as the major clini-
cal symptoms, itching/scratching (p < 0.05) and the subsequent
bleeding of lesions (p < 0.01); however the total symptom score
was not significantly changed. Levocetirizine treatment was also
associated with a reduction in IL-5 and 11.-13 along with an in-
crease in IL.-10 expression on CD4+ T cells (p < 0.05). Trends
for correlation of change in cytokine expression with clinical
symptom score after treatment were noted, but failed to attain
statistical significance.

Conclusions An immunoregulatory function for leveocetirizine
is suggested by the present study, however such a claim may be
more definitively made in future studies if trends established here
prove consistent with larger sample number.

Key words: Levocetirizine ® Atopic dermatitis ® Children = Cyto-
kines

Introduction

Atopic dermatitis (AD) represents a pruritic chronic inflam-
matory skin disease with a complex background, triggered
by genetic and environmental factors which begins pri-
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marily in eatly childhood (1, 2, 3). The patho-
physiology of AD is the product of a com-
plex interaction between various susceptibili-
ty genes, host environments, defects in skin
barrier function, and immunologic responses
(4). Activation of T lymphocytes, dendri-
tic cells (DCs), macrophages, keratinocytes,
mast cells, and eosinophils ate characteristic
of AD skin inflammatory responses (5).

Recent investigations have been focused
on T-cell contribution to the abnormal reg-
ulation of the immune response in atopic
diseases. Studies on T-cell clones support the
concept that activation of a subpopulation
of CD4+T helper cells leads to the release
of various cytokines important for the path-
ogenesis (6). Upon encountering antigen-
carrying dendritic cells in secondary lym-
phoid organs, naive T-lymphocytes prolifera-
te and differentiate into two subgroups (Th 1
and Th 2) based on their cytokine produc-
tion profiles: Th1 (mainly producing IFN- y)
and Th2 (secreting 1L.-4, IL-5, and 1L-13) (7).
The onset of acute AD is strongly associated
with the production of IL-4 and IL-13, lev-
els of which are significantly higher in AD
individuals compared with control subjects
(8). Mediating isotype switching to IgE syn-
thesis and upregulating expression of adhe-
sion molecules on endothelial cells, IL.- 4 and
II.-13 are implicated in the initial phase of
tissue inflammation. 11.-5, which is a Th2-
associated cytokine involved in eosinophil
development and survival, is also a hallmark
cytokine produced by T cells at high levels in
AD (8). Peripheral blood levels of IFN-y are
lower in atopic patients relative to Th2 cyto-
kines (9). The Th2-dominated atopic state
is also characterized by increased IgE levels,
and mast-cell degranulation on exposure to
antigen (10). Moreover, a recently published
report demonstrated a preferential apoptosis
of circulating Th1 cells in AD, which also
may contribute to Th2 predominance in AD
patients (11).
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There is now considerable evidence, from
both in vitro and in vivo studies, that several
H1 antihistamines possess anti-allergic/anti-
inflammatory effects, some of which may be
dependent on H1-receptor blockade while
others are receptor independent (12). Un-
derstanding of the molecular mechanisms by
which H1-antihistamines interact with hista-
mine H1-receptors has increased greatly dur-
ing the past decades and it is now known that
they do not block these receptors. Rather, all
H1-antihistamines in use function as inverse
agonists. They have a preferential affinity for
the inactive state of the histamine H1-recep-
tors. They stabilize the receptors in this con-
formation, with a shift in equilibrium toward
the inactive state and consequent down-reg-
ulation of acute and chronic allergic inflam-
mation (13, 14). Down-regulation of NF-»B,
which acts as a potent transcription factor in
initiating inflammation, may represent a pos-
sible mechanism for H1-antihistamines to
inhibit inflammatory cell accumulation (15).
Low concentrations of the histamine H1
antihistamines cetirizine and azelastine have
been demonstrated to down-regulate NF-»B
expression in parallel to inhibition of pro-in-
flammatory cytokines (10).

Levocetirizine (Xyzal®) is the active
R-enantiomer of the racemate cetirizine. It is
highly selective for the human histamine H1-
receptor, with which it has twice the binding
affinity of cetirizine (17) and is a potent anti-
histamine, as demonstrated by inhibition of
histamine-induced weal and flare reactions
(18) and in clinical studies (19). Studies of its
pharmacology suggest that it modulates the
profile of inflammatory mediators, including
cytokines, growth factors, proteinases, and
antiproteinases produced by eosinophils in
vitro (20); however, the effect of therapeutic
levels in vivo is still under investigation.

The aim of this study was to investigate
the immunoregulatory properties of levo-
cetirizine and its effectiveness in reducing
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any of the clinical symptoms in treatment of
children with atopic dermatitis.

Patients and Methods

Patients

The study included 10 children; 6 gitls and 4
boys (9-14 years old: mean age 12.36 £ 0.9),
having mild -moderate chronic atopic derma-
titis, since early childhood. All of them had
frequent relapses and poor response to the
treatment. The diagnosis of atopic dermatitis
was based on a positive personal and family
history of atopy, typical eczematous skin le-

sions in that age group. Atopy was confirmed
by increased level of total serum IgE and
specific IgE to one or more inhalant and /or
food allergens. Disease severity was assessed
by a physician based on skin condition and
impaired quality of life, expressed as sleep dis-
turbance and poor school performance due
to itching during disease relapse experienced
in the last 6 weeks. It was expressed as clin-
ical symptom scores as shown in Table 1.
Only children with mild or moderate
symptoms were included in the study, all
patients had TCSS 4-8 (range 4-12). An age
and sex matched healthy group of children

Table 1 The severity of the disease expressed as clinical symptom score in Atopic dermatitis patients

Tabela 1 Klinicki simptomi/znaci izraZeni brojéano u odnosu na teZinu bolesti kod djece sa atopijskim dermatitisom

Clinical symptoms/
Klinicki simptomi

Score/Skor

1
(Mild/Blaga forma)

2
(Moderate/Srednja forma)

3

(Severe/Teska forma)

Skin dryness &
thickening/ Suha i
zadebljala koza

Skin itching &
scratching/Svrbez i
izgrebanost koze

Bleeding of scratched
areas/Krvatenje iz
razgrebane i oStecene
koze

Quality of life expres-
sed as night sleep and
school performance
disturbance/Kvalitet
zivota promije-

njen poremecajem u
spavanju i dnevnim
aktivnostima (Skolske
obaveze)

Area of dry skin
without significant
skin thickening/
Podrucja sa suhom
kozom bez znacajnih
zadebljanja zahvacene
koze

Itching without
significant scratching/
Blagi svrbez bez
izrazenog jaceg greba-
nja koze

No bleeding/Bez
znakova krvarenja iz
svtbezom zahvacene
koze

Not affected/Nema
promjena u kvaliteti
zivota

General skin dryness
and localized
thickening/Suhoca koze
u cijelosti uz zadebljanja
koze na pojedinim ekce-
matoznim lezijama

Frequent itching with
localized excoriation/
Cesto svrbez sa lokali-
zovanim ogrebotinama
koze

Bleeding from a few
lesions/Neznatno krva-
renje iz zahvacenih
koznih promjena

Affected occasionally/
Povremeno zahvacen

Skin dryness with wide-
spread skin
thickening/Veoma

suha koza u cijelosti sa
zadebljanjima koze na
mnogobrojnim
ekcematoznim lezijama

Incessant itching/
scratching with loss
of skin integrity/
Stalni svrbez i grebanje
sa vedim oStecenjem
koze

Most of the lesions
bleed and/or have
dark pigmentation/
Vedi dio osteéene koze

pigmentiran

Frequently affected/
Cesto negativno
promijenjen




with negative family history of atopy and low
total IgE (< 140 TU/ml) served as a control
group. The patients who used topical cortic-
osteroids within the previous 4 weeks, or an-
tihistamines within the previous week were
excluded. Skin emollients have been allowed
to be used during the trial. Blood samples
were collected before treatment with levo-
cetitizine (5 mg/day) and following two
weeks of the treatment. Levocetirizine was
taken regularly, regardless of signs and symp-
toms of disease. Informed consent was ob-
tained from parents of each child included
in the study and all phases of the study were
undertaken in compliance with Ministry of
Health regulations for studies involving hu-
man subjects.

Intracellular cytokines analysis

Peripheral blood mononuclear cells (PBMC)
were separated by Ficoll-paque (Pharmacia,
Uppsala, Sweden) density gradient centrifu-
gation. The cells were washed and suspen-
ded in RPMI 1640 medium (Gibco BRL,
Gaithersburg, MD) at density of 1 x 10°
cells/ml. 200 pl cultutes of PBMC in 96-
well plates were incubated under humidified
conditions for 24 hours at 370 C. The cells
were stimulated in the presence of 50 ng/ml
of phorbol 12-myristate 13-acetate (PMA;
Sigma, St. Louis, MO), 1 ng/ml of iono-
mycin (Sigma) and 2 mM monensin (Sigma).
Following CD3 and CD8 cell surface stain-
ing for 15 min, cells were fixed for 15 min
using a Fix and Per cell permeabilization kit
(Caltag Laboratories, Burlingame, CA) and
permeabilized with the same kit and stained
intracellularly for 30 min at room tempe-
rature with monoclonal antibodies to 1L-4,
1L-5, IL-10, IL-13, TNF-a and IFN-y pro-
vided by BD Pharmingen. After washing,
cells were analyzed by flow cytometry. Three
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parameter analyses were undertaken on FC-
500 (Beckman Coulter Corporation, Hia-
leah, FL, USA). Negative isotype controls
were used to verify the staining specificity of
the antibodies used. In the analysis of the
cytokine production we refer to the CD3+/
CD8- population as the CD4+ population.

Statistical analysis

To compare the results before and after treat-
ment, paired student t-test, and Mann—Whit-
ney U-test were applied. A P-value of <0.05
was considered statistically significant. The P
values of significant differences are indicated
in figure and tables. Correlations between var-
iables were performed using Spearman rank
correlation test.

Results

Table 2 shows the median and interquartile
ranges (IR) for CD4+ and CD8+ T cells
expressing 11.-4, I1L-5, IL-10, IL-13, TNF- o,
and IFN-y in patients and control groups.
Atopic dermatitis patients at baseline showed
a significant increase in the percentages of
CD4+1L-4+ and CD4+IL-5+ cells com-
pared to healthy controls (median: 3.32, IR:
4.2-2.8) versus (median: 2.08, IR: 2.24-1.44;
p < 0.01) and (median: 2.45, IR: 2.80-2.14)
versus (median: 1.23, 1.6-1.03; p < 0.01) re-
spectively, on the other hand a significant de-
crease in the percentages of CD4+IFN-y+
cells was observed (median: 5.9, IR: 8.1-4.1)
versus (median: 11.5, IR: 13.4-8.8; p < 0.05).
The percentages of both CD4+I1L-13+
and CD8+IL13+ cells were significantly in-
creased at baseline patients compared to con-
trols (median: 5.04, IR: 9.7-4.1) versus (medi-
an: 2.36, IR: 3.3-1.24; p < 0.01) and (median:
0.84, IR: 1.1-0.8) versus (median: 0.71, IR:
0.94-0.39; p < 0.05) respectively.

165



Pedijatrija danas 2009;5(2):162-171

Table 2 Median and interquartile ranges (IR) of the frequency of eosinophils, neutrophils, CD4+ and CD8+ T
cells expressing cytokines in atopic dermatitis at baseline, following levocetirizine treatment and control chil-
dren

Tabela 2 Vrijednosti eozinofilnih, neutrofilnihi CD4+i CD8+ T stanica i njihovih citokina (Mediana i IR) prije
i nakon terapije levocetirizinom kod oboljele i zdrave djece

Atopic dermatitis at base-  Atopic dermatitis on Control/Kontrola
line/ Atopijski Levocetitizine /Atopijski
dermatitis prije lije¢enja dermatitis nakon lije¢enja

Levocetitizinom

Median IR (75-25)  Median IR (75-25)  Median IR (75-25)
Fosinophils/ 8.60A 11.65-4.25  2.0¢ 425185 22 4.25-0.83
Eozinofilne stanice
gzgzzzﬁi s 48 51-44 51.1 563-432 48 79-30
14
CD4+ 3308 420280 420280 275390 208 2.24-1.44
CD8+ 0.94 118032 118032  078-031 057 0.93-0.32
115
CD4+ 2458 280-214  0.00° 210-154  2.10-154  1.60-1.03
CD8+ 0.47 075-039 053 086-032  0.86-032 042026
1110
CD4+ 2.59 273106 351C 405290 272 291-2.14
CD8+ 0.90 120032 057 098-032 090 1.230.33
113
CD4+ 5.048 9070-410  3.40° 5.0-2.60 236 3.30-1.24
CD8+ 0.844 110080  0.47€ 0.8:0.37 0.71 0.94-0.39
TNF-a
CD4+ 6.10 980520 1045 1248745 543 720-3.30
CD8+ 430 570-3.60 755 11.93-210  3.60 5.90-3.10
IFN-y
CD4+ 5.90A 810-410  6.70 850560 115 13.40-8.80
CD8+ 475 773388 530 5.90-2.75 40 6.12-2.25

Ap < 0.05, Bp < 0.01 versus healthy control/u odnosu na zdravu djecu; €p < 0.05 versus baseline/u odnosu na
vrijednosti prije tarapije

Levocetirizine treatment reduced the per- The analysis of single symptoms sco-
centages of eosinophils butnotneutrophilsin re showed a decrease in itching/scratching
AD (median: 2.0, IR: 4.25-1.85) versus base- (p < 0.05) as well as the subsequent bleeding
line (median: 8.6, IR: 11.65-4.25; p < 0.05) of lesions (p < 0.01) following levocetirizine,
(Table 2). however the total symptoms score was not

significantly changed (Figure 1)
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AD at baseline levocetirizine/ AD on levocetirizine/
AD prije lijecenja levocetirizine AD nakon lijecenja levocetirizine
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Skin thickening/Zadebljanje koze
Itching & scratching/Svrbez i izgrebanost

I
I
o

Bleeding of lesions/Krvarenje iz ostecene koze

AD = Atopic dermatitis/Atopijski dermatitis

Figure 1 Error bars of the single symptom score
before and after treatment with levocetirizinom in
Atopic dermatitis children

Slika 1 Pojedinacni klinicki simptomi i znaci prije
i nakon lijeCenja levocetirizinom kod djece sa atopij-
skim dermatitisom

A significant decrease was observed in the
percentage of CD4+ T cells expressing I11.-5
in the levocetirizine treated group compared
to baseline levels (median: 2.0, IR: 2.1-1.54)
versus (median 2.45, IR: 2.8-2.14; p<0.05).
CD4+ and CD8+ T cells expressing 1L-13

F. Mahmoud at al. = Levocetirizine and atopic dermatitis

were significantly decreased versus baseline
levels (median: 3.4, IR: 5.0-2.6) versus (medi-
an: 5.04, IR: 9.7-4.1; p < 0.05) and (median:
0.47, IR: 0.8-0.37) versus (median: 0.84, IR:
1.10-0.8; p < 0.05) respectively. In addition,
CD4+ T cells expressing 11.-10 were signifi-
cantly increased (median 3.51, IR: 4.05-2.9)
versus baseline (median: 2.59, IR: 2.73-1.00;
p < 0.05) (Table 2). The total symptom score
did not show any correlation with T cell
cytokine production in AD patients at base-
line or following levocetirizine treatment.
On the other hand, skin itching/scratching
correlated directly with increased percen-
tages of CD4+IL-5+ T cells at baseline
(t = 0.943) (Table 3). The improvement in
clinical symptoms did not correlate with re-
duced lymphocyte expression of 1L-5 and
IL-13 or upregulation of IL-10 after Levo-
cetirizine treatment.

Discussion

In this study we analyzed the frequency of
intracellular-cytokine-producing T cells in
peripheral blood of AD children. We found
a significant increase in 1L-4 and IL-5 but a
significant decrease in IFN-y in CD4+ T ce-
lls; on the other hand I1.-13 was increased in
both CD4+ and CD8+ T cells (Table 2). Ear-
lier studies have shown similar results such
as reduced IFN-y production after in vitro
stimulation of PBMCs from patients with

Table 3 Relationships between clinical symptom score and frequency of CD4+ cells expressing IL-5 in periph-

eral blood of atopic dermatitis patients at baseline

Tabela 3 Vrijednosti - CD4+ IL-5 T stanica u perifernoj krvi i njihov odnos sa klinickim simptomima prije

zapocete terapije

Skin thickening/Zade-
bljanje zahvacene koze

Skin itching & scratch-
ing/Svrbez i grebanje

Bleeding of the lesions/
Krvarenje iz oste¢ene koze

At baseline CD4+ IL5/

Prijc lijecenja CD4 + 1L-5 0244

0.9438

-0.272

Ap <0.05
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AD (21-23). Patients with AD atre char-acte-
rized by enhanced IgE production (24, 25).
It has been shown that the class switch of
IgE and production of IgE in B cells is reg-
ulated by cytokines produced by T cells (26,
27), particularly IL-4, IL-13 and 11-10 (28). In
contrast, IFN-y inhibits IgE synthesis. There-
fore enhanced IgE synthesis in patients with
AD may be caused by up-regulation of Th2
cytokine-producing cells, especially those
that produce 1L-4, and IgE synthesis may be
suppressed by Th1 cytokine-producing cells,
especially IFN-y-producing cells.

The mechanismunderlying reduced IFN-y
production in AD is not clear and needs fur-
ther investigation. A possible explanation
could be that activated T cells with skin-hom-
ing properties, which express high levels of
IFN-y, predominantly undergo apoptosis in
the circulation, skewing the immune response
to surviving Th2 cells (29). There is also a
possibility that steroid therapy may contribu-
te to a reduced ability to produce IFN-y as
was reported by Jung et al. (30), however, our
patients had not received steroid therapy for
4 weeks before the study.

Recent studies focused on the functional
heterogeneity of CD8+ T cell as they can
secrete Th2 cytokines and help B cells with
antibody production (31). These cells appear
to participate in the induction of high IgE
levels, although the exact role is still contro-
versial (26). A similar pattern of cytokine
production in CD4+ as in CD8+ cells has
been found in asthmatic patients (27) and in
AD patients (31). In our study, only IL-13
expression by the CD8 subpopulation was
higher at baseline compared to the control,
and this was minor compared with the cyto-
kine expression by CD4 subpopulation (Ta-
ble 2).

Our study investigated in vivo effects
of levocetirizine on lymphocyte expression
of intracellular cytokines which play a criti-
cal role in pediatric AD. Levocetirizine was

shown to reduce IL-5 and IL-13 in CD4+
cells, IL-13 in CD8+ cells and increase IL-
10 in CDA4+ cells. IL-5 is capable of both
recruiting and activating eosinophils, result-
ing in degranulation and secretion of gran-
ule proteins (32) which deposit in AD skin
lesions (33). The increased percentages of
CD4+IL-5+ T cells at baseline correlated di-
rectly with skin itching/scratching (r = 0.943,
p < 0.05) in all patients (Table 3). IL-13 may
also be critical in regulating inflammatory and
immune responses, such as inducing CD23
expression on B cells; enhancing CD72, sur-
face immunoglobulin M (IgM), and class 1I
major histocompatibility complex (MHC)
antigen expression; and inducing germline
IgE heavy chain gene transcription in B cells
(34). Akdis et al. has demonstrated that Cuta-
neous lymphocyte-associated Ag (CLA)+ T
cells in AD spontaneously secrete 1L-5 and
1L-13, and functionally prolong eosinophil
survival and induce IgE synthesis (35). Re-
duced expression of cytokines may reduce
the recruitment of inflammatory cells into
the skin. Also several cytokines such as 1L.-2,
1L-4 or IL-15 prolong T-cell survival (36); in
their absence activated lymphocytes may un-
dergo apoptosis.

IL-10 is known to regulate various ef-
fector immune responses (37). A recent in-
vestigation found that mildly affected AD
subjects have higher frequency of CD4+IL-
10+ T cells than severely affected subjects
suggesting that a process of active suppres-
sion could occur during the natural course of
the disease and this argues in favor of the
role of IL-10 in the control of AD (38). In
our study, children on levocetirizine exhib-
ited elevated levels of 1L.-10 relative to base-
line levels. To our knowledge, this is the first
study that reports this effect. This trend is in
favor of the role of levocetirizine in control
of atopic inflammation, however this needs
to be further investigated in studies with a
larger sample number.




The single symptoms score analysis
showed that levocetitizine had reduced ma-
jor clinical symptoms (Fig. 1); however the
total symptom score was not changed. The
reduction of cytokines on levocetitizine was
not associated with improvement in clinical
symptoms, which may be due to the small
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Sazetak

EFEKT LEVOCETIRIZINA NA PRODUKCIJU INTRACELULARNIH
CITOKINA U DJECE SA ATOPIJSKIM DERMATITISOM

Fadia MAHMOUD!, Nermina ARIFHODZIC 2, Rana AL-AWADHTI', David HAINES?

'Department of Medical laboratory Sciences, Faculty of Allied Health Sciences, Kuwait
University, 2Al-Rashed Allergy Center, Kuwait, Department Molecular & Cell Biology,
University of Connecticut, Storrs, Connecticut, USA

Cilj Istrazivanje je poduzeto sa ciljem da se ustanovi produkcija intracelularnih citokina u perifernoj krvi
kod djece sa atopijskim dermatitisom prije i dvije nedjelje poslije tretmana sa Levocetirizinom.

Pacijenti i metode U studiju je ukljuceno desetero kuvajtske djece oboljele od blaze i umjereno teske
forme atopijskog dermatitisa. Nakon tretmana Levocetirizinom evaluirani su klinicki efekt i sekrecija
intracelularnih citokina koriste¢i flow citometrijsku metodu.

Rezultati Utvrdeno je ublaZenje glavnih klinickih simptoma: svrbeza koze (p < 0.05) i pojave krvarenja
iz koznih lezija izazvanog mehanickom provokacijom (p < 0.01), kao i smanjenje broja eosinofila u pe-
rifernoj krvi (p < 0.05). Medutim, ukupni klinicki skor nije signifikantno promijenjen. Nakon terapije
Levotirizinom ustanovljeno je smanjenje produkcije IL-5 1 IL-13, dok je ekspresija CD4 T stanica i IL-10
povecana (p < 0.05). U ovom istrazivanju nije ustanovljena statisticki signifikantna korelacija u produkciji
citokina i promjene u ukupnom klinickom skoru.

Zakljucak Dobijeni rezultati sugerisu imunoregulatorni potencijal nove generacije antihistaminika. Za
ovakvu tvrdnju potrebne su daljne slicne studije na ve¢em uzorku djece.

Kljucne rijeci: Levocetirizine ® Atopijski dermatitis ® Citokini
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