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Lymphocyte expression of CD4+CD25hi and adhesion 
molecules in children with Atopic dermatitis: the effect  
of Levocetirizine treatment

Nermina Arifhodzic1, Fadia Mahmoud2, Reem Ameen2, Rana Al-Awadhi2

There is considerable evidence that several novel H1 antihis-
tamines possess anti-allergic/ anti-inflammatory properties, 
through inhibition of leukocyte activation. Levocetirizin and 
other H1 antihistamines are considered central to the treat-
ment of atopic dermatitis (AD) associated pruritis; how-
ever there is a lack of studies of possible anti-inflammatory 
effect of these drugs in children with AD. In this study, we 
investigated the lymphocyte sub-population profile in the 
peripheral blood of 15 children with AD at baseline and fol-
lowing two weeks of levocetirizine treatment. The clinical 
symptoms and flow cytometric analysis of the percentage 
expression of CD4+CD25+ subsets on T cells, as well as ex-
pression of the adhesion molecules; CD4+CD54+ (ICAM-I) 
and CD4+CD62+ (L-Selectin) on T cells were evaluated. The 
children exhibited a reduction in the percentages of the eo-
sinophil count (p<0.05) as well as major clinical symptoms, 
itching/ scratching (p<0.05) and the subsequent bleeding of 
lesions (p<0.05); however the total symptom score was not 
significantly changed. A significant increase was observed in 
CD4+CD25hi Treg cells while CD4+CD54+ (ICAM-I) cells 
were significantly decreased, and no significant change was 
observed in other populations. Reduction of CD4+CD54+ 
may be associated with suppression of IgE production and 
hence reduced mast cell recruitment into the inflammatory 
sites, on the other hand; expansion of CD4+CD25hi  indicates 
that Treg-mediated host immune defenses are augmented. 
Our study suggests the potential of the anti-inflammatory ef-
fects of levocetirizine in allergic inflammation. 
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Introduction

Atopic dermatitis (AD) is a common chron-
ic inflammatory skin disorder with intense 

pruritis and typical cutaneous symptoms, 
and is frequently seen in patients with a fam-
ily history of atopy (1). Patients with AD are 
a heterogeneous group of whom about 80% 
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that activated CD25hi T cells that lack expres-
sion of CCR6 promote TH2 responses.

Recent studies have demonstrated that 
several adhesion molecules play a critical 
role in the recruitment and migration of 
leucocytes to sites of inflammation in vari-
ous diseases (15, 16). Important adhesion 
molecules expressed on leucocytes or en-
dothelial cells include intercellular adhesion 
molecule-1 (ICAM-1) and L-selectin. The 
levels of adhesion molecules have been re-
ported to increase in patients with allergic 
diseases (17-20). Higher levels of adhesion 
molecules in serum samples from atopic in-
dividuals may reflect the up-regulation of 
cell-surface ICAM-1 expression in allergic 
inflammation.  

There is now considerable evidence from 
both in vitro and in vivo studies that several 
novel H1 antihistamines possess anti-aller-
gic/ anti-inflammatory properties, through 
inhibition of leukocyte activation and re-
duction of ICAM1 expression on epithelial 
cells (21, 22, 23). Levocetirizine, as a R-en-
tantiomer of Cetirizine dichloride having 
high bioviability and rapid onset of action, 
is effective for treatment of allergic rhinitis 
and chronic urticaria, showing several anti-
inflammatory effects that are observed at 
clinically relevant concentrations that may 
enhance its therapeutic benefit. (21, 24). 
Levocetirizin and  other  H1 antihistamines 
are considered  central to the treatment  of 
AD associated pruritis and are  widely used  
despite  a lack of double blind randomized  
clinical trials (25). Also, there is lack of stud-
ies of the possible anti-inflammatory effect 
of H1 antihistamines in children with AD.

The aim of this study was to investigate 
the effect of levocetirizine on lymphocyte 
expression of CD4+CD25hi T cells and the 
adhesion molecules ICAM-I and L-selec-
tin in children having a moderate – form of  
atopic dermatitis from early childhood.

show immediate type skin reactions and el-
evated serum IgE levels (2). In most cases 
AD appears in early childhood, current life-
time prevalence is estimated to be between 
10-20% in children and 1-3% in adults (3). 
For diagnosis, at least three of both the 
major and minor criteria (pruritis, typical 
morphology and distribution, chronic or 
relapsing skin lesions, personal or family 
history of atopy etc) should be present (4). 
The pathogenesis of AD involves a complex 
inflammatory process which is not yet fully 
understood and is constantly undergoing 
revision as more data become available (5, 
6). Recent studies indicate that the marked 
elevation of IgE is the result of T-cell dysreg-
ulation in AD patients (7). Over the past few 
years it has become increasingly clear that T-
cells contribute to the abnormal regulation 
of the immune response in atopic diseases. 
Th2-type CD4+ T cells appear to be crucial 
but still little is known about the contribu-
tion of other subsets of T cells (8).

In recent years, a specific subset of regu-
latory T cells bearing a CD4+CD25+ T-cell 
phenotype has been the focus of extensive 
investigation (9). These T cells, endowed 
with distinct immuno-modulatory proper-
ties, are important components of the ho-
meostasis of the immune system, as impaired 
CD4+CD25+ T-cell activity can cause both 
autoimmune and allergic diseases (10, 11). 
There is evidence of the role of CD4+CD25+ 

regulatory T cells in suppressing T-cell re-
sponses to allergens (12, 13). Expression of 
the transcription factor, Foxp3, is critical to 
the development of CD4+CD25hiregulatory 
T cells with suppressor function. It was re-
cently reported that human CD4+CD25hi T 
cells associated with inflammatory diseases 
such as AD may be a mixture of activated ef-
fector T cells and regulatory T cells, the two 
subtypes were identified on the basis of dif-
ferential expression of the chemokine recep-
tor CCR6 (14).  Furthermore this study found 
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Patients and Methods

Patients

The study included 15 atopic children; 9 fe-
males and 6 males with an age range of 7-14 
years old (mean age 12.36 ± 0.9) diagnosed 
with moderate to severe atopic dermati-
tis. All patients were diagnosed from early 
childhood (before 5 years of age). The di-
agnosis of atopic dermatitis was based on a 
constellation of typical clinical features, such 
as extended eczematous lesions with pruri-
tis and scratching of affected areas. Chronic 
or relapsing dermatitis was frequently as-
sociated with personal or family history of 
atopic disease. Atopy was confirmed by the 
increased level of specific IgE to one or more 
inhalant and /or food allergens (food allergy 
was implicated in approximately one third 
of our patients). Severity of the disease was 
assessed  by a physician on the basis of skin 
condition experienced over the past 6 weeks,  
expressed as a total clinical symptoms score 
(TCSS) (1-12 ) which included  the follow-
ing: a) skin thickening: 1= mild, 2 = mod-
erate, 3 = severe; b) skin itching/scratching: 
1= mild, without significant changes in daily 
activities and without night sleep distur-
bance, 2 = moderate with occasional night 
sleep awakening, 3 = severe itching with fre-
quent sleep disturbance; c) location of the 
conditions:1 = mild: flexuous side of arms 
and/or legs, 2 = moderate: +lesions on the 
neck and face, 3 = severe: +lesions on other 
part of the body with excessive dryness / 
scaling or blisters; d) number of times/ year 
that symptoms flare up: 1 = mild: 1-2 times 
, 2 = moderate: 3-5 times, 3 = severe: more 
than  6 times. Only children with moderate 
to severe dermatitis (clinical score ranged 8-
12), were enrolled in the study. Patients on 
antihistamines and topical corticosteroids 
within the previous week were excluded. 
Fourteen healthy children with no history 
or sign of atopic diseases; 8 females and 6 
males with an age range of 8- 15 years old 

(mean age 13.5 ± 0.6) served as a control 
group. Blood samples were collected from 
children with AD at baseline and following 
two weeks of treatment with levocetirizine 
(5 mg/ day); one blood sample was collected 
from each healthy child. All samples were 
collected in the early morning. Informed 
consent was obtained from the parents of 
the patients and the controls.

Measurement of Lymphocyte subpopulations

Five ml of peripheral venous blood were col-
lected from each subject in EDTA tubes and 
analyzed within 4-6 hours. Fifty µl of blood 
were incubated for 30 min at room tempera-
ture with 5 µl of flourescein-isothiocyanate 
(FITC), phycoerythrin (RD1) or PerCP (pe-
ridin chlorophyll protein) conjugated mono-
clonal antibodies (mAb), to surface markers 
of interest. The cells were then treated with 
Q-prep (Coulter Corporation, Hialeah, FL, 
USA) for hemolysis, stabilization and am-
plification of the antigen-antibody reaction 
and fixation with paraformaldehyde. Two 
and three color fluorescence analysis using 
an automated flow cytometer (Coulter Epics 
Altra) was performed. Positive analysis re-
gions for cells expressing specific surface an-
tigens were compared with isotypic controls 
and the specific binding of fluorophore-con-
jugated monoclonal antibodies was analyzed 
according to standard methods recom-
mended by the manufacturer. Monoclonal 
antibodies specific for human CD4+CD54+ 
(ICAM1+ T cells), CD4+CD62+ (L-Selec-
tin+ T cells) and CD4+ CD25+ (activated 
T cells – some with a regulatory phenotype) 
were used. All fluorophores were purchased 
from Immunotech, Beckman Coulter Cor-
poration, Hialeah, FL, USA.  Typical histo-
gram data are depicted in Fig. 1, showing 
CD4+ and CD25+ subpopulations. The 
total population of CD4+ cells are mostly 
contained in areas B1 +M1 + M2, with CD4 
+ CD25+low cells represented in area M1; 
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CD4 + CD25+hi in area M2 and CD4+ cells 
in area B1 considered to express negligible 
levels of CD25 (i.e. these are non-activated 
T cells). The frequency of CD4 + CD25+low 
was calculated as the frequency ratio for 
M1/B1 +M1 +M2 and the frequency of CD4 
+ CD25+hi as M2/B1 +M1 + M2. This analy-
sis was used for cells taken from each par-
ticipant in the study.

Statistical analysis

Data are presented as box plots displaying 
medians and interquartile ranges (IR) for 
the variables that exhibited statistically sig-
nificant differences when compared between 
the study groups. As the variables evaluated 
were not distributed normally, the mean 
comparisons were done by non-parametric 
analysis (Kruskall–Wallis and, if significant, 
Mann–Whitney U test). All reported p-val-
ues represented two-tailed tests and p≤0.05 
was considered statistically significant. 
Non-parametric Spearman correlations 
were performed to measure the association 
between variables. Statistical analyses were 
performed using the SPSS for Windows Pro-
gram Version 14 (Norusis/SPSS Inc.).

Results

Levocetirizine treatment of AD patients had 
improved quality of life expressed as fewer 
disturbances of night sleep. The analysis 
of the clinical symptom score showed that 
levocetirizine had reduced the itching/ 
scratching circle (p=0.011) as well as the 
bleeding of lesions (p=0.006) (Fig.2); how-

Figure 1 Expression of CD4+CD25+ subpopulations 
in one participant in the study .  CD4+CD25+low cells 
are represented in area M1; and CD4+CD25+hi in 
area M2 .

Figure 2 Box plot representation of the single symptoms score in AD patients . Comparisons were made 
between the groups studied: AD group at baseline (n = 15), AD following levocetirizine treatment and the 
control group (n =7) . Statistical differences (*) were considered significant at p < 0 .05 .
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ever the total symptom score was not sig-
nificantly changed. As shown in Table 1, le-
vocetirizine treatment significantly reduced 
the percentages of eosinophils (p= 0.027). 
Lymphocyte expression of CD4+CD25+ T 
cells with two subsets: CD4+CD25hi cells 
and CD4+CD25lowcells are shown. Follow-
ing levocetirizine treatment, no significant 
change was observed in the percentage of 
CD4+CD25+ cells (median 1.93; IR: 2.47-1.3) 
versus baseline (median 2.97; IR: 4.45-2.0; p= 
0.132), the percentage of CD4+CD25hi was 
significantly increased (median 0.99; IR: 1.85-
0.61) versus baseline (median 0.33; IR: 0.56-
0.3; p= 0.048), while the CD4+CD25low subset 
was not significantly changed (median 1.58; 
IR: 2.1-1.0) versus baseline (median 1.65; IR: 
2.65-1.4; p= 0.295). CD4+CD54+ T cell sub-
set (ICAM-I) was significantly reduced (me-
dian 2.5; IR 2.9-1.99) versus baseline (median 
8.0; IR 9.2-6.1; p= 0.024) (Table 1 and Fig. 4), 
on the other hand CD4+CD62+ T cell subset 
(L-selectine) was not significantly changed 
(median 10.95; IR 15.5-10.9) versus baseline 
(median 8.1; IR 17.8-6.5; p= 0. 241). 

Discussion

The management of AD is difficult due to 
the fact that its pathogenesis is still obscure. 

A major therapeutic challenge is to reduce 
the itching/ scratching circle, which could 
be achieved by controlling chronic aller-
gic inflammation. H1-antihistamines are 
widely used in AD patients for the control 
of pruritis, despite the lack of double blind 
randomized clinical trials (25, 26). Anti-
histamine action in the treatment of aller-
gic disease is the competitive antagonism 
of histamine binding to cellular receptors. 
Recently, many studies have shown that H1-
antihistamines, beside their antihistaminic 
effects, have additional anti-inflammatory 
properties (5, 21, 22, 23). They are capable 
of inhibiting inflammatory cell migration 
and activation, and adhesion molecule ex-
pression in tissues affected by allergic in-
flammation (24, 27). Such effects are already 
known in the treatment of seasonal allergic 
rhinitis (28) and chronic urticaria (29) both 
in adults and children. However few studies 
have addressed the anti-inflammatory ac-
tivities of H1- histamine antagonists in AD 
patients (30, 31). Levocetirizine, as an active 
enantiomer of cetirizine, is one of the most 
recent antihistamines and is indicated for 
symptomatic relief in different allergic dis-
eases, with clear evidence of possessing anti-
inflammatory activities (32), which could be 
useful in the treatment of AD patients. 

Table 1 Median and IR (interquartil ranges) of eosinophils and T lymphocyte subpopulations in atopic 
dermatitis at baseline, following levocetirizine treatment and in controls

Atopic Dermatitis
at Baseline

Atopic Dermatitis
on Levocetirizine

Control

 Median IR (75-25) Median IR (75-25)     Median              IR (75-25)

Eosinophils 7 .85** 14 .35-3 .68 2 .5ψ  6 .2-1 .93 2 .2 3 .2-1 .2

CD4+CD25+ cells 2 .97  4 .45-2 .0 1 .93  2 .47-1 .3 2 .4 2 .3-0 .5

CD4+CD25hi 0 .33*  0 .56-0 .3 0 .99ψ  1 .85-0 .61 1 .2 1 .5-0 .21

CD4+CD25low 1 .65  2 .65-1 .4 1 .58   2 .1-1 .0 1 .0 2 .0-0 .34

CD4+CD54+ cells 8 .0**  9 .2-6 .1 2 .5ψψ  2 .9-1 .99 2 .3 5 .5-1 .7

CD4+CD62+ cells 8 .1 17 .8-6 .5 10 .95 15 .5-10 .9 3 .9 19 .3-2 .7

Comparisons were made between eosinophil count and T lymphocyte expression of surface antigens in AD and control, 
statistical differences were considered significant at p<0 .05 .
*p<0.05, ** p<0.01 versus healthy control, ψ P<0.05, ψψ p<0.01 versus baseline
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We evaluated the efficacy of levoce-
tirizine in fifteen AD patients to determine 
whether two weeks of treatment (5 mg once 
daily) would induce clinical improvement 
shown through CSS and changes in inflam-
matory parameters. As expected, our results 
were similar to the findings of other stud-
ies which showed significant improvement, 
expressed as reduction of CSS, particularly 
itching/ scratching (Fig. 2) and subsequent 
improvement in quality of life expressed as 
less disturbed night sleep.

Our understanding of the complex in-
flammatory process in AD is constantly 
undergoing revision as more data become 
available (26). It is already known that in-
teraction among susceptible genes and envi-
ronmental factors activate different immune 
cells and their products, leading to clinical 
manifestation. The phenotype of AD de-
pends on factors which have an important 
impact on the severity of the disease. T cell-
driven inflammation appears to be crucial 
in the pathogenesis, characterised by skin 
infiltration with migrating T lymphocytes. 
Although CD4+ T cells appear to be crucial 
in AD pathophysiology (8),  little is known 
about the role of a specific subset of T cells 
bearing a CD4+CD25+ phenotype in AD 
patients (32, 33). As shown in our results, we 
have evaluated that a particular T cell subset 
in peripheral blood is a parameter of aller-
gic inflammation. We found no significant 
difference in the percentages of these cells 
following levocetirizine treatment (Table 1). 
A particularly interesting outcome of treat-
ment with this drug is the apparent induc-
tion of an expanded CD4+CD25+hi sub-
population (p<0.05) (Fig. 3) which suggests 
that it might augment Treg-mediated host 
immune defence. It has been shown that 
histamine stimulation of H4 receptors sup-
presses pathogenic processes and promotes 
expansion of peripheral blood Treg subpop-
ulations (34). These findings raise the possi-
bility that levocetirizine-H1 interaction may 

converge or reinforce histamine stimulation 
of H4 receptors.  

Eosinophil participation in allergic in-
flammation depends on maintenance of 
cell viability and function. Eosinophils are 
recruited and activated at the site of inflam-
mation, releasing a wide variety of media-
tors (33). Similar to the results shown by 
Segwik (27) that cetirizine is capable to af-
fect eosinophil survival in patients with AD, 
our results showed a significant reduction in 
eosinophil count (Table 1).

 Additionally, similar to other studies (6, 
32, 35), our results confirmed the possible 
immune modulating role of levocetirizine, 
through reduction of adhesion molecule 
expression, especially ICAM-I (Fig. 4). Pos-
sibly, levocetirizine is capable of regulating 
the release of cytokines and chemokines and 
consequently reduces recruitment of the in-
flammatory cells (28). In contrast to ICAM-
I molecules, we could not find significant re-
duction in L- selectin (Table 1).  Such results 
could be a consequence of the fact that the 
selectin family mediates tethering and roll-
ing of leukocytes while the Ig superfamily, 
including ICAM -1, is critical for the firm 
adhesion (6). It is also possible that ICAM 
–1 has closer cooperation with L-selectin, 
to mediate optimal leukocyte rolling (36), 
which we did not observe in this study. Re-
duction of expression of ICAM –1 and the 
selectin family  may be responsible for sup-
pression of IgE production,  as explained  by 
Shimada  et al (6), which could  reduce rapid 
mast cell recruitment  into the inflammatory 
sites. Our results confirm previous analyses 
(28, 36) of the anti-inflammatory effects 
of levocetirizine in allergic inflammation. 
CONCLUSION: This study demonstrates 
that levocetirizine induces in vivo suppres-
sion of eosinophils as well as ICAM I expres-
sion on CD4+ T cell of AD patients, on the 
other hand, expansion of CD4+CD25+hi 
Treg cells was observed. These findings may 
indicate the important immunomodulatory 
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effects of this drug and suggest future inves-
tigation of the cellular and molecular mech-
anisms underlying the role of antihistamine 
in immunoregulation.
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