
RESPIRATORY MEDICINE (1999) 93, 416–423

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 
â2-agonist-induced inhibition of neutrophil
chemotaxis is not associated with modification of
LFA-1 and Mac-1 expression or with impairment of
polymorphonuclear leukocyte antibacterial activity

M. SILVESTRI, S. ODDERA, S. LANTERO AND G. A. ROSSI

Divisione di Pneumologia, Istituto G. Gaslini, Genoa, Italy

Patients with chronic obstructive lung disorders often show increased susceptibility to airway infections. As
â2-adrenoceptor agonists, in addition to reversing the contractile response of bronchial smooth muscles, may inhibit
a variety of inflammatory and immuno-effector cell functions, it is possible that these drugs interfere with host
defence mechanisms.

The present study was designed to test in vitro whether fenoterol, a short-acting â2-adrenoceptor agonist, could
modify human blood neutrophil recruitment and antimicrobial activity.

Pre-exposure to fenoterol significantly reduced neutrophil migration towards the complement component C5a, at
concentrations ranging from 10"7  to 10"5 , or towards lipopolysaccharide, at a concentration of 10"5 

(P<0·05, each comparison). In contrast, the drug (10"8–10"5 ) did not significantly modify the increased
expression of lymphocyte function-associated antigen (LFA-1, i.e. CD11a/CD18) the macrophage antigen-1 (Mac-1,
i.e. CD11b/CD18) induced by N-formylmethionylleucylphenylalanine (fMLP) (P>0·05, each comparison). Finally,
incubation of neutrophils with fenoterol (10"8–10"5 ) did not significantly influence phagocytosis or intracellular
killing of bacteria (Staphylococcus aureus) or H2O2 release induced by tetradecanoyl-phorbol-acetate (P>0·1 for
each comparison).

These results suggest that short-acting â2-adrenoceptor agonists, such as fenoterol, are able partially to reduce
neutrophil recruitment in the airways without interfering with the processes involved in phagocytic activity against
bacteria.
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Introduction

The progressive tissue damage which characterizes chronic
bronchitis is related, at least in part, to the presence of
excessive numbers of activated polymorphonuclear leuko-
cytes, such as neutrophils (1,2). Indeed, in addition to their
phagocytic activity, neutrophils also act as secretory cells
able to release preformed proteins stored in the cytoplasmic
granules as well as toxic oxygen radicals (3–5). The granule-
associated preformed proteins, including cathepsin G,
elastase, proteinase-3, collagenase and gelatinase, damage
bronchial and lung connective tissue components (6–8),
while oxygen radicals, such as superoxide anion (O2

"),
hydrogen peroxide (H2O2), hydroxyl radicals (OH"),
0954-6111/99/060416+08 $12.00/0
hypochlorous acid (HClO"), are highly toxic for ciliated
epithelial cells (4,5).

In addition to their potential role in damaging human
tissues, neutrophils can also protect the host against infec-
tion (9). The usual steps resulting in pathogen clearance are
neutrophil recruitment into the involved tissues, phago-
cytosis of invading micro-organisms, release of proteinases
and generation of oxygen metabolites (4,9). However, when
neutrophil recruitment and activation is continuous or
excessive, dysfunctions of the host defence mechanisms can
be hypothesized while the exaggerated inflammatory
response may contribute to tissue damage (3,10). This
phenomenon has been described in subjects with cystic
fibrosis and with bronchiectasis (11,12) and recently
demonstrated in chronic bronchitis patients colonized by
Streptococcus pneumoniae (13).

Neutrophil dysfunction may be induced or enhanced by
drugs administered to patients with chronic inflammatory
diseases of the airways. Drugs able to interfere with
neutrophil functions include corticosteroids (14,15), anti-
biotics (16) and â2-adrenoceptor agonists, which are often
prescribed to treat reversible airway obstruction in chronic
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airway diseases (17). Indeed, it has been demonstrated that
â2-adrenoceptor agonists are able to modulate the functions
of a variety of cells, including phagocytes (17–20).

The present study was designed to evaluate whether
fenoterol, a short-acting â2-adrenoceptor agonist, interferes
with neutrophil functions and therefore facilitates the recur-
rence of respiratory infections associated with chronic
airway diseases.

Using blood neutrophils isolated from healthy volun-
teers, we tested the in vitro the effect of fenoterol on: 1. the
cell chemotaxis; 2. the expression of adhesion molecules
[lymphocyte function-associated antigen (LFA-1 or CD11a/
CD18) and macrophage antigen-1 (Mac-1 or CD11b/
CD18)]; 3. the antimicrobial activity against bacteria
(Staphylococcus aureus); and 4. respiratory burst induced
by tetradecanoylphorbolacetate.
Materials and Methods
STUDY POPULATION

Twenty-five healthy volunteers (14 men and 11 women aged
18–27 years) entered the study. Exclusion criteria were
history of respiratory infection in the previous 4 weeks and
intake of drugs known to affect biological function of
neutrophils and/or mononuclear cells. The protocol
was approved by the Giannina Gaslini Institute Ethical
Committee and all subjects, after being informed of the
nature and aim of the study, gave written consent.
NEUTROPHIL PURIFICATION

The isolation of neutrophils from peripheral blood was
performed by discontinuous Percoll gradients (Pharmacia,
Uppsala, Sweden) (21). Briefly, 10 ml of 6% dextran (PM
70 000, SIFRA SpA, VR, Italy) in 0.9% NaCl were added
to an equal volume of heparinized blood, 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 (Flow ICN, Irvine,
Scotland, U.K.) and layered on discontinuous Percoll gradi-
ents with the following volumes and densities (g ml"1):
1·5 ml 1·100, 3 ml 1·090, 3 ml 1·085 and 3 ml 1·080. The
Percoll gradient densities were obtained by mixing nine
parts of Percoll with one part of 10# HBSS (90% Percoll)
and then diluting the 90% Percoll solution with 1# HBSS
containing 5% FCS. The neutrophils recovered between
1085 and 1080 g/ml"1 of Percoll were washed twice in PBS
and resuspended at 106 cells ml"1 in complete medium.
Neutrophils recovered were 95% pure (the remaining 5%
were mononuclear cells) as established by Diff-Quick stain-
ing (Merz+Dade, Dudingen, Switzerland), and 99% viable,
as determined by the trypan blue dye exclusion test
(Flow ICN).
NEUTROPHIL CHEMOTAXIS ASSAY

Neutrophil chemotaxis was tested using 48-well Boyden
microchambers (Neuro Probe Inc., Cabin John, MD,
U.S.A.). Fenoterol, kindly provided as pure powder by
Boheringer Ingelheim, Italy, was resuspended in distilled
water to prepare 1 m stock solution. To evaluate the effect
of fenoterol on neutrophil chemotaxis, cells were preincu-
bated for 3 h with different concentrations of fenoterol
(from 10"8 to 10"5 ) before performing the assay. Pre-
liminary experiments demonstrated that preincubation of
neutrophils with fenoterol for 3 h did not induce desensi-
tization, as also shown for airway epithelial cells (22). The
lower wells of the Boyden microchambers were loaded with
two different stimuli: 1. C5a (active fragment of comp-
lement cascade) (0·1 mg ml"1, Sigma Chemical Co., St.
Louis, MO, U.S.A.) or 2. lipopolysaccharide (LPS, 0·2 ìg
ml"1, Sigma Chemical Co.) (23). The lower wells were then
covered with a polycarbonate membrane with 3 ìm pores
(Costar Corp., Cambridge, MA, U.S.A.) and 50 ìl aliquots
of cell suspensions (106 cells ml"1) were pipetted into the
upper wells of the chemotaxis chamber. After 30 min incu-
bation at 37)C in 5% CO2, the membrane was detached and
the neutrophils, which had migrated onto the lower side of
the membrane, were fixed, stained with Diff-Quick and
counted under a light microscope. All the experimental
conditions were tested in triplicate and the data expressed
as number of cells migrated in 10 high power fields (HPF,
magnification #400).

Controls were performed by incubating neutrophils with
complete medium for 3 h prior to performing the assay.
EXPRESSION OF LYMPHOCYTE
FUNCTION-ASSOCIATED ANTIGEN (LFA-1)

Neutrophils (2#106 cells ml"1) were seeded into 96 round-
bottom well-microtiter plates (Costar Corp.) and pre-
exposed to different concentrations of fenoterol (from 10"8

to 10"5 ) for 3 h. Cells were then stimulated with
N-formylmethionylleucylphenylalanine (fMLP) (Sigma
Chemical Co.) 10"6  for 1 h. After incubation, the plate
was centrifuged and the cells washed and resuspended in
100 ìl of the staining medium with 1% fetal calf serum
(Biofluids) and 0·2% sodium azide (Sigma Chemical Co.) in
PBS (Flow ICN). The cells were stained with 2·5 ìl of
PE-conjugated monoclonal antibody anti-CD11a (recog-
nizing the á1 chain specific to LFA-1) (Serotec, Oxford,
U.K.) and incubated for 30 min at 4)C. The cells were then
washed twice and analysed by flow cytometry using LYSYS
II software (Becton Dickinson Immunocytometry Systems,
Mountain View, CA, U.S.A.) (24). Data are expressed as
mean fluorescence channel (mfc).
EXPRESSION OF MACROPHAGE ANTIGEN-1
(MAC-1)

Neutrophils (2#106 cells ml"1) were seeded into 96 round-
bottom well-microtiter plates and pre-exposed to different
concentrations of fenoterol (from 10"8 to 10"5 ) for 3 h.
Cells were then stimulated with fMLP 10"6  for 5 min.
After incubation, the plate was centrifuged and the cells
washed, resuspended and stained with 2·5 ìl of
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BACTERIAL PREPARATION

Phagocytosis and intracellular killing of bacteria by neu-
trophils were measured as previously described (25). Briefly,
an overnight culture of S. aureus strain ATCC 25923
(Rockville, MD, U.S.A.), kept in 5 ml of BHI broth (Difco
Laboratories, Detroit, Michigan, U.S.A.), was pelleted
(1300#g), resuspended in 5 ml of deionized water and
labelled with 3 ìg ml"1 of 4*, 6*-diamidine-2 phenylindole 2
HCl (DAPI) (Sigma Chemical Co.), a fluorochrome bind-
ing to the A+T-rich regions of double-stranded DNA.
After 10 min incubation at room temperature, bacteria
were washed and resuspended in complete medium without
antibiotics and with 50% human autologous serum at a
concentration of 108 colony-forming units ml"1 at 650 nm.
Bacteria were incubated for 30 min at 37)C in 5% CO2, to
promote opsonization, and then washed. Propidium iodide
(PI) (Sigma Chemical Co.), a viability dye excluded by the
cytoplasmic membrane of live cells but able to bind to
DNA of dead bacteria, was added at a final concentration
of 2 mg ml"1 to the bacterial suspension (DAPI-PI stained
bacteria).
NEUTROPHIL PHAGOCYTOSIS AND
INTRACELLULAR KILLING OF BACTERIA

Neutrophils, preincubated with different concentrations of
fenoterol (from 10"8 to 10"5 ) for 3 h, were added to the
DAPI-PI stained bacteria suspension at a final bacteria/
phagocyte ratio of 30:1 (25). After 1 h incubation, 60 ml
aliquots of the neutrophil/bacteria suspensions were col-
lected from the tubes and, mixed with 8 ìl of 3 ì acridine
orange (Sigma Chemical Co.), to enhance intracellular
details on fluorescence microscopy examination. Cytocen-
trifuge preparations were set, dry-fixed with cyanoacrylate
and evaluated by epi-illumination UV microscopy using
two different filters for DAPI (excitation 365 nm, emission
>420 nm) and PI (excitation 546 nm, emission >590 nm).
With this staining, viable bacteria appear blue, while dead
bacteria appear red. For each experimental condition, a
minimum of 300 neutrophils was evaluated.
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F. 1. Neutrophil locomotion toward C5a (0·1 ìg ml"1)
or lipopolysaccharide (LPS, 0·2 ìg ml"1) and inhibition
of neutrophil chemotaxis in the presence of fenoterol.
(a) Neutrophil locomotion is expressed on the ordinate as
the number of cells counted in 10 high power fields
(HPF), while the different experimental conditions are
shown on the abscissa. (b) The chemotaxis of neutrophils
pretreated with fenoterol toward C5a ( ) or toward LPS
( ) is expressed as a percentage of inhibition on the ordi-
nate, while the different concentrations of fenoterol (from
10"8 to 10"5 ) are shown on the abscissa. In (a), the
data, expressed as mean&s.e.m., represent the results of
20 experiments, while in (b), each point represents the
mean of 10 experiments. ** =P=0·001 vs. control;
*=P<0·05 vs. control.
PE-conjugated monoclonal antibody anti-CD11b (Serotec,
Oxford, U.K.) and incubated as described above.
HYDROGEN PEROXIDE PRODUCTION BY
ACTIVATED NEUTROPHILS

In order to evaluate the possible effects of fenoterol on the
respiratory burst of neutrophils, hydrogen peroxide (H2O2)
production was measured using a colorimetric method,
based on the absorption of red ferrothiocyanate in the
presence of hydrogen peroxide (26). H2O2 production was
evaluated in neutrophils (2#106 cells ml"1 in Krebs–
Ringer phosphate buffer) preincubated with different con-
centrations of fenoterol (from 10"8 to 10"5 ) for 3 h and
stimulated for 1 h with a cell membrane activator,
tetradecanoyl-phorbol-acetate (TPA, 100 ng ml"1) (Sigma
Chemical Co.). NaN3 2 m (Sigma Chemical Co.) was
added to each experimental condition to inhibit H2O2

breakdown. After incubation, proteins were precipitated on
ice with trichloroacetic acid (10% w/v, final concentration)
(Carlo Erba Reagents, Milan, Italy) and centrifuged at
1000#g. Then, 0·4 ml of ferrous ammonium sulphate
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STATISTICAL ANALYSIS

Data are expressed as mean&standard error of the mean
(s.e.m.). Statistical comparisons between different culture
conditions were made using the Student’s t-test. Data were
considered significant when the P-value was <0·05.
Results
NEUTROPHIL LOCOMOTION

Both C5a and LPS were able significantly to increase
neutrophil locomotion [random migration (ctr) =20·4&4·6
neutrophils 10HPF"1, C5a=553·2&164·7 neutrophils
10HPF"1, LPS=516·0&201·2 neutrophils 10HPF"1,
P<0·001 for each comparison vs ctr] [Fig. 1(a)]. The
number of neutrophils migrating towards C5a was signifi-
cantly reduced in the presence of fenoterol concentrations
from 10"7 to 10"5  (P>0·05 for each comparison) [Fig.
1(b)]. A similar effect of the drug was also observed in
neutrophil chemotaxis towards LPS, even if, under these
experimental conditions, statistical significance was reached
only at the highest concentration, i.e. 10"5  (P<0·05)
[Fig. 1(b)]. Cell viability, as assessed by the trypan blue
exclusion test, was not altered by any concentration of
fenoterol (P>0·05) (not shown).
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LFA-1 AND MAC-1 ADHESION MOLECULE
EXPRESSION

Stimulation of neutrophils with fMLP induced a statisti-
cally significant upregulation of LFA-1 expression being
61·35&1·71 mfc in unstimulated cultures and 87·74&
5·14 mfc in fMLP-stimulated cultures (P<0·01, comparison
with control), [Fig. 2(a)]. Similar results were obtained
when Mac-1 expression was evaluated (P<0·01, compari-
son with control) [Fig. 2(b)]. The presence of fenoterol did
not modify the expression of LFA-1 and of Mac-1 on
stimulated neutrophils [Fig. 2(c)].
10 m and 0·2 ml of potassium thiocyanate 2·5  (Carlo
Erba Reagents) were added to the cell supernatants. The
absorbance of red ferrothiocyanate complexes was finally
measured spectrophotometrically at 480 nm wavelength
and the values, plotted with a standard calibration curve,
were expressed as H2O2 nmol 10"6 cells.
F. 2. CD11a and CD11b expression on neutrophils
stimulated by N-formyl-methionyl-leucyl-phenylalanine
(fMLP). (a) Flow-cytometric histogram of CD11a expres-
sion on neutrophils. The neutrophil number is shown on
the ordinate, while the red fluorescence intensity given by
anti-human CD11a PE-conjugated monoclonal antibody
is shown on the abscissa as mean fluorescence channel
(mfc) of each cell. The peak on the left represents
unstimulated cells (Basal) and the peak on the right indi-
cates neutrophils stimulated with fMLP. (b) Flow-
cytometric histogram of CD11b expression on
neutrophils. The neutrophil number is shown on the ordi-
nate, while the red fluorescence intensity given by anti-
human CD11b PE-conjugated monoclonal antibody is
shown on the abscissa as mfc of each cell. (c) Effect of
fenoterol on CD11a ( ) or CD11b ( ) expressions on
neutrophils stimulated by fMLP. The fluorescence inten-
sity given by anti-human CD11a or anti-human CD11b
PE-conjugated monoclonal antibody is shown on the
ordinate as the mfc of each cell, while the different exper-
imental conditions are expressed on the abscissa. The
data, expressed as mean&s.e.m., represent the results of
18 experiments. *=P<0·01 vs. control.
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NEUTROPHIL PHAGOCYTOSIS AND
INTRACELLULAR KILLING OF
STAPHYLOCOCCUS AUREUS

After 1 h incubation, high proportions (89·7&2·8%) of
neutrophils had detectable bacteria in their cytoplasm [Fig.
3(a)]. The number of staphylococci ingested by each phago-
cyte was 27·10&6·2, while intracellular killing, expressed as
percentage of killed bacteria to phagocytized bacteria per
neutrophil ratio, was 8·4&0·7 [Fig. 3(b)]. Fenoterol at all
the concentrations tested did not modify either the propor-
tions of neutrophils ingesting bacteria or the number of
bacteria phagocytized by neutrophils or intracellular killing
(P>0·05, each comparison) [Fig. 3(a) and 3(b)].
HYDROGEN PEROXIDE PRODUCTION (H2O2)

The cell membrane activator TPA significantly increased
H2O2 release by neutrophils (P<0·01), [Fig. 3(c)]. This
enhanced neutrophil respiratory burst was not modified by
the presence of fenoterol at any concentration tested
(P>0·05 for each comparison).
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Discussion

Evaluation of in vitro blood neutrophils from healthy
volunteers showed that 1. fenoterol decreases neutrophil
locomotion in response to chemotactic signals without
modifying cell ability to express adhesion molecules, and 2.
it does not influence the antimicrobial activity of neu-
trophils, i.e. phagocytosis and intracellular killing of
bacteria and hydrogen peroxide production.

â2-adrenoceptor agonists act through interactions with
specific receptors located in the plasma membranes of
virtually all cell types (27). The binding of agonists to the
receptors activates signal transduction mechanisms which
produce cellular responses that may be different in the
different cell types. In fact, â2-adrenoceptor agonists raise
intracellular cyclic adenosine monophosphate (cAMP) lev-
els by stimulation of adenyl cyclase, and increased cAMP
levels have been associated with inhibition of neutrophil
function (28–30). In addition, â2-adrenoceptor agonists
may increase or decrease the transcription of genes related
to a variety of activities, or may directly modulate receptor
expression (27,30). In this context, there is an increasing
awareness that activation of a surface receptor may modu-
late the activity of other receptors, operating at several
levels in the signal transduction pathway (27,31).
F. 3. Antibacterial activity of blood neutrophils. (a)
Phagocytozing neutrophils: the percentage of neutrophils
ingesting bacteria is expressed on the ordinate, whereas
the different experimental conditions, [neutrophils in
medium alone (Ctr) and in medium containing different
molar concentrations of fenoterol] are expressed on the
abscissa. (b) Phagocytosis and intracellular killing: the
number of ingested bacteria per cell ( ) and the percent-
age of killed bacteria to phagocytozed bacteria per neu-
trophil ratio ( ) are shown on the ordinates and the
different experimental conditions on the abscissa. (c)
Hydrogen peroxide (H2O2) release: H2O2 release is indi-
cated on the ordinate and expressed as nmol produced by
10

6
cells after 60-min incubation at 37)C, while the differ-

ent experimental conditions are shown on the abscissa
[neutrophils incubated in medium alone (Ctr), stimulated
with tetradecanoyl-phorbol-acetate (TPA, 100 ng ml"1)
in the presence of different molar concentrations of
fenoterol]. The data, expressed as mean&s.e.m., represent
the results of 12 experiments. *=P<0·01 vs. control.
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