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LFA-1 expression by blood eosinophils is increased in atopic
asthmatic children and is involved in eosinophil locomotion
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In allergic asthma, inhalation of sensitizing allergens leads
to eosinophil activation and recruitment [1]. The demon-
stration that eosinophils are toxic to human lung tissues
[2] and that their presence in the airway mucosa is associ-
ated with morphological damage to the bronchial epithe-
lium [3] has strongly supported the hypothesis that these
cells could be involved as major effector elements in the
pathogenesis of allergic asthma [4]. Eosinophil recruitment
at the sites of allergic reaction is a complex mechanism,
which includes the expression of surface adhesion mole-
cules by circulating cells, which are able to interact with
the counter-receptors expressed by vascular endothelial cells
[5]. 

There is evidence that different adhesion molecules may
mediate the different steps that characterize circulating cell
transendothelial migration. In this context, eosinophils ex-
press a number of adhesion molecules, including lym-
phocyte function-associated antigen-1 (LFA-1 or CD11a/
CD18), Mac-1 (CD11b/CD18) and very late antigen-4
(VLA-4 or CD49d/CD29) [5]. VLA-4 and its endothelial
cell receptor, vascular cell adhesion molecule-1
(VCAM-1) appear to be involved in the initial adherence
of activated eosinophils [6], when the cells slow down in
the bloodstream, "rolling" along the endothelial wall,
while LFA-1, Mac-1 and their receptor, intercellular adhe-

sion molecule-1 (ICAM- 1), are important for eosinophil
extravasation [7]. With this background, the present study
was designed to evaluate the intensity of LFA-1, Mac-1
and VLA-4 expression on blood eosinophils isolated from
children with allergic as-thma. The functional relevance of
these different molecules in modulating in vitro eosinophil
migration through an endothelial cell layer was also
tested.

Materials and methods

Reagents

The reagents used in the study were as follows. Com-
plete medium comprised RPMI-1640 (PAA, Linz, Austria),
50 U·mL-1 penicillin, 50 mg·mL-1 streptomycin, 2 mM L-
glutamine, 2 mg·mL-1 NaHCO3, 1× nonessential amino
acids, 5% foetal calf serum (FCS; Flow ICN, Irvine, UK),
and 2 mM 2-mercaptoethanol (Sigma Chemical Co., St
Louis, MO, USA). Endothelial basal medium (EBM) was
from Difco Laboratories (Milan, Italy), trypan blue and
phosphate-buffered saline (PBS) from Flow ICN, and Dex-
tran 70,000 Da, 10× Hank's balanced salt solution (HBSS),
sodium azide (NaN3) and complement factor 5a (C5a)
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ABSTRACT: Allergic asthma is characterized by eosinophil migration in the airways,
which is strictly dependent on the expression of adhession molecules. This study
investigated whether the expression of adhesion molecules on eosinophils is increased
and associated with disease activity in allergic asthma.

Twenty atopic asthmatic (AA) subjects and nine controls were studied and the
expression of lymphocyte function-associated antigen-1 (LFA-1; CD11a/CD18), Mac-
1 (CD11b/CD18) and very late antigen-4 (VLA-4; CD49d/CD29) on blood eosinophils
was evaluated by specific monoclonal antibody (Mab) staining and flow-cytometric
analysis.

Compared with controls, eosinophils from AA showed increased expression of
LFA-1 (p<0.005), but not of Mac-1 or VLA-4 (p>0.1). In addition, LFA-1 expression
correlated positively with blood eosinophil number (r=0.792, p<0.05), while no corre-
lations were observed between Mac-1 or VLA-4 expression and blood eosinophil
number. The migration of eosinophils through human umbilical vein endothelial cells
with or without anti-LFA-1, Mac-1 and VLA-4-blocking Mab was studied. Compared
with controls, eosinophils from AA showed increased migration toward C5a (p<0.01).
Cell migration was totally inhibited by preincubating eosinophils with anti-LFA-1
(p<0.05), while anti-Mac-1 had no effect (p>0.1). 

Thus, the expression of lymphocyte function-associated antigen-1 by blood eosi-
nophils is increased in atopic asthmatics and seems to modulate the enhanced eosi-
nophil migration observed in allergic asthma.   
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from Sigma. Heparin was from Parke-Davis, (Lainate,
Milan, Italy), Percoll from Pharmacia (Uppsala, Sweden)
and Diff Quick from Merz&Dade (Dudingen, Switzer-
land). Mouse immunoglobulin (Ig) G1 monoclonal antibody
(Mab) ahCD11a conjugated to R-phycoerythrin (PE) and
unconjugated (clone B-B15), mouse IgG1 CD 3/PE and
unconjugated, as isotype control, ahCD11b/PE and uncon-
jugated, ahCD49d/PE and unconjugated were from Serotec
(Oxford, UK), while mouse (Ig)G1 Mab ahCD16b conju-
gated to fluoroscein isothiocyanate (FITC) was from Ortho
Diagnostic System (Milan, Italy).

Population

Eosinophils were obtained from nine nonatopic control
subjects (6–11 yrs old, seven males and four females) and
20 atopic asthmatic (AA) children (5–14 yrs old, 15 males
and 5 females), sensitized to house dust mites, demon-
strated by a skin prick test and radioallergosorbent test
(RAST) (Pharmacia, Uppsala, Sweden) (table 1). Asthma
was defined according to the criteria of the American
Thoracic Society [8]; all patients were able to perform a
forced expiratory manoeuvre and had a clinical history of
reversible airway obstruction, characterized by a >15%
increase in forced expiratory volume in one second (FEV1)
after inhalation of 200 µg salbutamol and/or a positive in-
halation challenge with methacholine. Neither control nor
AA subjects had suffered from respiratory infections in
the previous 4 weeks and none were on any treatment other
than β2-agonists on an as-necessary basis. The study was
approved by the G. Gaslini Institute Ethical Committee
and parents or guardians of all subjects gave their in-
formed consent.

Eosinophil purification

Isolation of blood eosinophils was performed on dis-
continuous Percoll gradients, as described previously [9].

In brief, to 10 mL of heparinized blood, an equal amount
of 6% dextran in 0.9% NaCl was added, mixed gently and
incubated at 37°C. After 30–40 min the upper phase was
collected, washed once in PBS, resuspended in 1.5 mL of
1.070 g·mL-1 Percoll with 5% FCS and layered on a dis-
continuous Percoll gradient with the following volumes
and densities (g·mL-1) respectively: 1.5, 1.100; 3, 1.090; 3,
1.085; and 3, 1.080 [9]. The Percoll gradient densities
were obtained by mixing nine parts Percoll with one part
10× HBSS (90% Percoll) and then diluting the 90% Per-
coll solution with 1× HBSS with 5% FCS. The normo-
dense eosinophils recovered between 1.090 and 1.095 g·
mL-1 Percoll were washed twice in PBS and resuspended
at 106 eosinophils·mL-1 in complete medium. Recovered
eosinophils were 70–80% pure, as established by Diff-
Quick staining, with neutrophils as a contaminant, and
96% viability, as determined by the trypan blue dye exclu-
sion test.

Evaluation of adhesion molecule expression on eosi-
nophils

The expression of LFA-1 (CD11a/CD18), Mac-1 (CD11b/
CD18) and VLA-4 (CD49d/CD29) on eosinophils from
nine control and 20 AA subjects was evaluated by staining
with specific Mabs and flow cytometry. Cells were wash-
ed once in PBS, resuspended in 100 µL PBS + 2% FCS +
0.5 µg·mL-1 NaN3 (staining medium) and stained with 10
µg·mL-1 of ahCD16b/FITC (green fluorescence) to distin-
guish by two-colour flow cytometry the contaminating neu-
trophils, CD16b+, from the eosinophils, CD16b- [10] and
10 µg·mL-1 of Mabs ahCD11a, ahCD11b, ahCD49d or
ahCD3 (as mouse IgG isotype control), all PE-conjugated
(red fluorescence). To test the possibility that the process
of eosinophil separation could increase the expression of
some membrane receptors detected by flow cytometry, as
suggested by a recent paper [11], whole-blood staining

Table 1.  –  Characteristics of the atopic asthmatic subjects included in the study

Blood cell number  n
Subject
No.

Sex Age
yrs

Sensitivity WBC
cells·mm-3

N L E B Mo

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

M
M
M
M
F
M
F
M
M
M
M
M
M
F
M
M
M
F
F
M

5
11

5
5
5
7
6
5
8
5
5

14
9

12
8

12
6

12
5
5

HP
H

HGB
H
H
H

HG
HP

HPGOD
H

HD
HG

HPGD
HG

HGO
HPD

H
H
H

HP

10,740
8020
8940
7000

10,000
7740
5960
8320
5250
9320

11,540
6640
7210
4610
6860
5890
8550
8060

11,660
14,110

8100
4300
5400
3200
6400
1600
2800
2400
2200
4200
4300
2800
3200
2100
2800
3700
4000
6100
6300
8500

1200
2700
3700
2900
2200
4600
2000
4600
2200
3000
4900
1900
3000
1900
2600
1200
2700
1300
3500
3600

500
500
400
300
600
600
600
500
300

1400
1300
1300
300
300
900
400

1000
200
700
600

100
100
100

0
100
100
100
100
100
100
100
100

0
0

100
0

100
0

100
100

600
400
700
400
500
400
300
400
300
400
600
500
500
200
400
400
600
400
600
800

WBC: white blood cells; N: neutrophils; L: lymphocytes; E: eosinophils; B: basophils; Mo: monocytes; M: male; F: female; H: house
dust mites; P: parietaria; G: gramineae; O: oleaceae; D: animal dander.
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was also performed in five AA and three control subjects.
The cells were then incubated for 1 h at 4°C, washed
twice in staining medium and resuspended at 5×105 cells·
mL-1 in 200 µL of PBS. The red fluorescence intensity by
CD16b-cells (eosinophils) was read on 10,000 acquired
cells with the flow cytometry instrument FACScan (Bec-
ton Dickinson, Milan, Italy) and expressed as mean fluo-
rescence channel (MFC). To compare the fluorescence
intensity of different samples, the cells were acquired at
identical settings of the logarithmic amplifier and analysed
with Lysis II software (Becton Dickinson). After conver-
sion to linear fluorescence intensity units, to obtain a lin-
ear function of fluorescence intensity over a wide range,
the average background obtained with the control antibody,
the ahCD3/PE Mab, was subtracted from the average fluo-
rescence intensity of the specifically stained cells [12].

Evaluation of eosinophil migration through endothelial
cell layer

Eosinophils from five control and 10 AA subjects (from
whom enough cells were recovered to perform the assay)
were employed to evaluate cell locomotion through hu-
man umbilical vein endothelial cells (HUVEC). The day
before the assay, 5×105 HUVEC were seeded on polycar-
bonate membranes with 5-µm pores coated with collagen
type I, in order to reach confluence on the next day, and
incubated at 37°C, 5% CO2, in EBM [13]. On the day of
the assay the membranes were placed in Boyden chemo-
taxis chambers with the HUVEC side-up. The lower wells
were filled with 50 µL of complete medium, to evaluate
the random migration, or with C5a (0.1 µg·mL-1) in com-
plete medium, as an eosinophil chemoattractant [14]. Eos-
inophils were preincubated with or without Mabs ahCD11a,
ahCD11b, ahCD49d or mouse IgG, as an isotype control
(10 µg·mL-1) for 30 min at 37°C, 5% CO2 before the chem-
otaxis assay. Then, 100 µL of 106 eosinophil·mL-1 were
seeded on the upper chamber compartments, on the
HUVEC side. After 3 h of incubation at 37°C, 5% CO2,
the membranes were detached, HUVEC peeled off the
upper side and the eosinophils that had migrated across
the HUVEC to the lower side were fixed, stained with Diff-
Quick and counted under a light microscope. All chemo-
tactic conditions were tested in duplicate and the data were
expressed as the number of migrated eosinophils in 10
high power fields (HPF; magnification ×400) [14].

Statistical analysis

Data are expressed as mean±SEM. Statistical comparisons
between different culture conditions of cells from the
same donor group were made by paired t-test, (parametric
data) or Mann–Whitney test (nonparametric data), while com-
parisons between the same culture conditions of cells from
different donor groups were made by the Student's t-test
[14]. Differences were considered significant when p<0.05.

Results

Constitutive adhesion molecule expression by blood eosi-
nophils

Specific Mabs identified the presence of LFA-1, Mac-1
and VLA-4 molecules on all eosinophils recovered from
venous blood of AA and control subjects, while no stain-
ing was observed with the mouse IgG isotype control,
ahCD3 Mab (not shown). The intensity of LFA-1 expres-
sion was significantly higher on eosinophils from the 20
AA than on those from the nine control subjects (62±5 and
33±6 MFC, respectively; p<0.001), while there were no
significant differences in Mac-1 or VLA-1 expression (p>
0.1) (fig. 1). The levels of LFA-1 expression in the AA sub-
jects were widely distributed; therefore, the AA subjects
were divided into two subgroups: the first group with
LFA-1 expression similar to control values (low LFA-1
expressors) and the second group with LFA-1 expression
higher than the mean of the control plus 2 SD (high LFA-1
expressors). Compared with the controls or the low ex-
pressors, the high expressors showed an increased asthma
score (p<0.001 and p<0.05, respectively), higher eosi-
nophil number (p<0.001 and p<0.05, respectively) and
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Fig. 1.  –  Expression of lymphocyte function-associated antigen-1
(LFA-1), Mac-1 and very late antigen-4 (VLA-4) by circulating eosi-
nophils from control subjects (❏) and atopic asthmatic children (■). The
expression intensity is indicated as mean fluorescence channel (MFC).
Mean shown by horizontal lines. ***: p<0.001, significant difference
between groups. 

Table 2.  –  Expression of lymphocyte function-associated
antigen-1 (LFA-1)

Subjects n AS LFA-1 MFC E cells·mm-3 RAST

Control
AA low
AA high

9
6

14

0
0.7±0.2
1.4±0.2

33±6
32±2
75±4

56±13
400±68
736±101

0
41±15
76±8

Values are mean±SEM. AS: asthma score; MFC: mean fluores-
cence channel; E: eosinophils; RAST: radioallergosorbent test;
AA low: low LFA-1 expressing asthmatic children; AA high:
high LFA-1 expressing asthmatic children. 
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greater allergen-specific IgE serum levels (p<0.001 and
p<0.05, respectively) (table 2). The process of eosinophil
separ-ation did not modify adhesion molecule expression
in either AA or control subjects, since no differences in
LFA-1, Mac-1 and VLA-4 levels were found when evalu-
ating eosinophils in unseperated whole-blood samples or
after discontinuous Percoll gradient seperation (not
shown). 

Eosinophil migration through human umbilical vein endo-
thelial cells

Eosinophils from AA subjects showed a higher migra-
tion rate than those from control subjects (p<0.05) (fig.
2a). The increased migration of eosinophils in AA sub-
jects was possibly related to LFA-1 expression, since the
enhanced chemotactic activity was inhibited back to spon-
taneous migration levels by preincubation of the cells with
ahCD11a Mabs (19±3 versus 6±2 eosinophils·10 HPF-1,
p=0.001). Interestingly, preincubation with ahCD49d down-
regulated cell migration only partially 19±3 versus 13±2
eosinophils·10 HPF-1, (p<0.05), while no inhibition was
seen with ahCD11 Mabs (p<0.1) (fig. 2b).

Discussion

Quantifying the expression of adhesion molecules on
blood eosinophils in children with allergic asthma, a sig-
nificantly increased expression of LFA-1, but not of Mac-1
or VLA-4 was demonstrated. Moreover, the high LFA-1
expressors showed more severe asthma (as judged by the
asthma score), higher eosinophil number and higher levels
of allergen-specific IgE. This increased LFA-1 expression
seemed to be functionally relevant since eosinophils from
AA subjects showed increased locomotion through HUVEC
which was completely blocked by Mab ahCD11a. 

Eosinophils can be activated by both immune and non-
immune mechanisms to synthesize and/or release biological
mediators, including toxic granule proteins, free oxy-

gen radicals, eicosanoids, leukotrienes, platelet activating
factor, cytokines and growth factors [15]. Because of these
various activities, recruitment of eosinophils from the
bloodstream is regarded as a key event in the allergic
inflammation. Indeed, several studies have demonstrated
that the number of eosinophils and the levels of eosi-
nophil-derived proteins correlate with the severity of
asthma [16], and that their presence in the bronchial
mucosa is associated with morphological damage to the
bronchial epithelium [4].

The bronchial inflammation that characterizes asthma
is modulated and maintained by mediators released by air-
way parenchymal and inflammatory cells [6, 17, 18].
Some of these mediators, such as interleukin (IL)-3, IL-5,
granulocyte-macrophage colony-stimulating factor (GM-CSF)
and eotaxin have the potential to activate eosinophils and
enhance their locomotion and survival [5, 10, 19, 20].
Chronic exposure to these pro-inflammatory cytokines may
result in a preactivation state of circulating cells [21, 22],
which includes an increased ability to migrate through en-
dothelial cell layers, as demonstrated in the asthmatic
children in the present study. 

The observation that LFA-1 is expressed more on eosi-
nophils isolated from AA than from control subjects is
consistent with the concept that pre-activation of circulat-
ing polymorphonuclear leukocytes is present in allergic
asthma [17] and with the demonstration that a rapid and
massive migration of these cells into target tissue occurs
during acute asthma attacks [22]. In addition, the demon-
stration that LFA-1 expression on circlating eosinophils is
increased in mild atopic asthmatics with higher asthma
score and allergen-specific IgE in serum, further supports
the hypothesis of a significant link between circulating eos-
inophil activation and the activity and/or severity of the
asthma [17].

These data indicate that VLA-4 appears to be less impo-
tant than LFA-1 in allowing eosinophil migration through
the endothelium. Indeed, VLA-4 appears to be a determi-
nant in the initial adherence to the vessel wall, allowing
the cells to slow down in the bloodstream [6] (a condition
not mimicked in the present in vitro assay), while LFA-1
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Fig. 2.  –  Migration of eosinophils from atopic asthmatic (AA) children through human umbilical vein endothelial cells (HUVEC) towards comple-
ment factor 5a (C5a) 0.1 µg·mL-1. The number of eosinophils that migrated in 10 high power fields (HPF) is shown. a) eosinophils from control and
subjects; b) eosinophils from AA unstimulated or stimulated with ahCD23 and preincubated with ahCD11a, ahCD11b, ahCD49d monoclonal antibod-
ies or mouse immunoglobulin (Ig)G. The broken line represents the random migration. *: p<0.05; +: p<0.005.
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is involved mainly in the migration through the endothe-
lium [7] (a condition reproduced by the present experi-
mental system).

It was also oberved that Mac-1 expression is not in-
creased on blood eosinophils from young allergic asthmatic
subjects and that it is not efficient in mediating eosinophil
transendothelial migration. Since it has been demonstrat-
ed that in asthmatic patients Mac-1 (and not LFA-1) ex-
pression is increased on bronchial eosinophils, compared
with blood eosinophils from the same subjects [23], it is
possible that Mac-1 could be involved in processes that
follow transendothelial migration, such as the interaction
with other airway cells in the tissues. 

The first step in cell migration is represented by the
adhesion of circulating cells to vascular endothelial cells. Ad-
hesion mechanisms can be upregulated not only through
increased surface molecule expression but also through con-
version of the adhesion molecules from a low to very high
avidity state [6]. It has been demonstrated that IL-3, IL-5
and GM-CSF increase adhesion receptor avidity [24]. Since
these qualitative changes occur within a very short time
(minutes) and do not last for long [6, 24], they are likely to
be more important in rapid cell-to-cell interactions e.g. be-
tween immunoeffector cells, rather than in a process that
requires a longer interaction such as the crossing of the
endothelial barriers.

In summary, lymphocyte function-associated antigen-1
is overexpressed on blood eosinophils from allergic asthmat-
ic children and it is involved, as a major adhesion molecule,
in the migration of eosinophils through the endothelium.    
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