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Expression of activated FcgRII discriminates
between multiple granulocyte-priming
phenotypes in peripheral blood of allergic
asthmatic subjects
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Background: Allergic asthma is associated with chronic airway

and systemic immune responses. Systemic responses include

priming of peripheral blood eosinophils, which is enhanced after

allergen challenge. In a subpopulation of asthmatic subjects,

neutrophils are associated with bronchial inflammation.

Objective: We sought to monitor systemic granulocyte priming

in allergic asthmatic subjects as a consequence of chronic and

acute inflammatory signals initiated by allergen challenge.

Methods: Blood was taken at baseline and 6 to 24 hours after

allergen challenge in asthmatic subjects with and without late

asthmatic responses. Systemic granulocyte priming was studied

by using expression of cellular markers, such as a-chain of

Mac-1 (am)/CD11b, L-selectin/CD62L, and an activation

epitope present on FcgRII/CD32 recognized by monoclonal

phage antibody A17.

Results: Eosinophils of asthmatic subjects have a primed

phenotype identified by cell-surface markers. Neutrophils of

these patients were subtly primed, which was only identified

after activation with N-formyl-methionyl-leucyl-phenylalanine.

After allergen challenge, an acute increase in eosinophil

priming characterized by enhanced expression of activated

FcgRII was found in patients experiencing a late asthmatic

response and not in patients with a single early asthmatic

response. In contrast, expression of am/CD11b and L-selectin

on granulocytes was not different between control and

asthmatic subjects and was not affected by allergen challenge.
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Interestingly, expression of both adhesion molecules was

positively correlated, and am expression on eosinophils and

neutrophils correlated positively with bronchial

hyperresponsiveness.

Conclusion: Different phases, phenotypes, or both of allergic

asthma are associated with distinct priming profiles of

inflammatory cells in peripheral blood.

Clinical implications: Insight in differences of systemic innate

responses will lead to better definition of asthma subtypes and

to better designs of new therapeutic options. (J Allergy Clin

Immunol nnnn;nnn:nnn-nnn.)

Key words: Priming, allergen challenge, neutrophils, eosinophils,

allergic asthma, gene expression, peripheral blood

Allergic asthma is accompanied by a chronic inflam-
mation in the airways.1 This inflammation is characterized
by the presence of TH2-type cytokines, including IL-3, IL-
4, IL-5, IL-13, and GM-CSF. These cytokines stimulate
growth, differentiation, and functionality of inflammatory
cells that have been implicated in asthma, such as B/T
cells, mast cells, basophils, and eosinophils.2,3 In addition
to these typical TH2 cytokines, increasing evidence indi-
cates the involvement of other cytokines, such as TNF-a,
in the chronic inflammation of asthma.3,4

Next to eosinophils, neutrophils are also implicated in
the pathogenesis of asthma.5-10 The presence of neutrophils
is associated with an increase in the concentration of the
proteolytic enzyme matrix metalloproteinase 9 in broncho-
alveolar lavage fluid, tissue, and sputum,5,11-13 suggesting a
role of neutrophils in the remodeling process in asthma.

In several studies eosinophils of asthmatic patients have
been reported to exhibit a preactivated or primed pheno-
type in peripheral blood, which can be demonstrated by an
enhanced expression of priming-associated epitopes.14,15

Priming of these inflammatory cells is particularly associ-
ated with an enhanced functionality of adhesion-associated
responses that facilitates the recruitment of eosinophils
from the blood to the airways. This was shown by increased
chemotactic responses and transendothelial movement of
these cells, which were in part mediated by upregulation
of adhesion molecules.16-20
1
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Abbreviations used
am:
 a-chain of Mac-1
AHR:
 Airway hyperresponsiveness
EAR:
 Early asthmatic response
FITC:
 Fluorescein isothiocyanate
fMLF:
 N-formyl-methionyl-leucyl-phenylalanine
LAR:
 Late asthmatic response
MoPhab:
 Monoclonal phage antibody
In contrast, priming of neutrophils in peripheral blood of
allergic asthmatic subjects has not been described as clearly
as for eosinophils. In comparison with healthy donors,
neutrophils of asthmatic subjects are not characterized by
differences in expression of (pre-)activation markers, such
as the a-chain of Mac-1 (am)/CD11b and L-selectin/
CD62L.15,21 However, we have previously shown that pre-
activation of peripheral blood neutrophils can be measured
by means of gene expression analysis in asthma22 and
chronic obstructive pulmonary disease.23 The determination
of priming of neutrophils probably needs these very sensi-
tive measures because (primed) neutrophils are thought to
quickly leave the peripheral blood in response to inflamma-
tion induced after, for example, exposure to allergens.24-26

Little is known regarding priming phenotypes of
inflammatory cells in the context of different phases,
phenotypes, or both of allergic asthma. Our first study on
the kinetics of priming of inflammatory cells showed that
allergen challenge lead to a short burst of priming of
eosinophils, but not of neutrophils, in the peripheral blood
after 6 hours.15 The data corroborated other data showing
differential activation of inflammatory cells in response
to allergen challenge in allergic asthmatic subjects.27,28

Allergen exposure is characterized by 2 phenomena in
the airways of allergic asthmatic patients, the early asth-
matic response (EAR) and the late asthmatic response
(LAR), which are associated with airflow limitation and
an increase of airway hyperresponsiveness (AHR).28

The LAR, which is maximal after 6 to 8 hours,29 exhibits
characteristics that resemble the chronic inflammatory
phase of allergic asthma in the bronchial tissue, such as in-
filtration of inflammatory cells starting as early as 3 hours
after allergen challenge.27,30 Systemic inflammatory re-
sponses during the LAR have been described in several
studies and were associated with an increase of blood eo-
sinophil numbers that likely had a primed phenotype.30-32

In this study the mechanisms involved in the systemic
innate immune responses of allergic asthmatic subjects
were investigated before and after allergen challenge. The
allergen-induced priming of peripheral blood eosinophils
and neutrophils was measured in atopic subjects with mild
asthma with and without allergen-induced LAR.
METHODS

Cloning of CD32 into pMT2SM_VSV

CD32 (FcgRIIA) was cloned into a pMT2 vector containing

a vesicular stomatitis virus (VSV)-epitope tag. U937 cDNA was used
as a template, and a PCR reaction was performed with the following

primers: CD32_Fw, TCCCCCGGGATGGCTATGGAGACCCAA;

CD32_Rev, TAAAGCGGCCGAGTTATTACTGTTGACATG. The

PCR product was digested with SmaI and NotI restriction enzymes

for cloning into the pMT2SM_VSV vector. Therefore the existing

pMT2_FcaRI_VSV33 was used to replace the FcaRI/CD89 insert by

the FcgRIIA/CD32 PCR product. This new construct was verified by

means of sequencing.

Generation of stable transfectants

A Ba/F3 cell line expressing FcgRIIA/CD32 was generated

similarly as described for Ba/F3_FcaRI/CD89 cell lines, as

described by Bracke et al.33 In short, Ba/F3 cells were cultured at

a cell density of 105 to 106 cells/mL in RPMI 1640 supplemented

with 8% Hyclone serum (Gibco, Carlsbad, Calif) and recombinant

mouse IL-3. For the generation of polyclonal transfectants,

pMT2_VSV containing FcgRIIA was electroporated into Ba/F3 cells

(0.28 V; capacitance, 960 m-Farad [mFD]) together with pSG5-CMV-

Hygro containing the hygromycin resistance gene. Cells were cultured

in the presence of IL-3 and selected in 500 mg/mL hygromycin

(Boehringer Mannheim, Mannheim, Germany). After 2 weeks of

selection, cells were tested for CD32 expression, and positive cells

were sorted with a FACSvantage flow cytometer (Becton-Dickinson

Immunocytometry Systems, Mountain View, Calif). Briefly, CD32-

transfected Ba/F3 cells were incubated with the CD32 mAb IV.3

for 30 minutes at 48C and subsequently with a fluorescein isothiocy-

anate (FITC)–conjugated secondary antibody. Fluorescence of the

cells was quantified with the flow cytometer, and IV.3-positive cells

were sorted and cultured. Polyclonal cell lines were generated ex-

pressing CD32. Stable cell lines were grown continually on murine

IL3 (mIL3) and hygromycin. Expression of FcgRII/CD32 was

checked regularly with the flow cytometer.

Patients and healthy control subjects

We included 45 nonsmoking, steroid-naive patients with a

diagnosis of asthma according to the Global Initiative for Asthma

guidelines (Table I).34 All patients had stable asthma without a respi-

ratory tract infection in the last 4 weeks before entering the study.

They had positive allergen skin prick test responses,35 with at least

1 positive reaction to common inhaled allergens, and they all had

documented AHR (PC20 methacholine, <8 mg/mL). When patients

used low doses of inhaled or nasal corticosteroids, this medication

was stopped at least 4 weeks before study entry. No other antiasthma

drugs were allowed during the study, except short-acting b2-agonists.

Patients receiving an inhalation challenge had a baseline FEV1 of

greater than 70% of the predicted value after withholding b2-agonists

for 8 hours at both the control visit and on the day of the allergen chal-

lenge. Healthy subjects without asthma symptoms or presence of at-

opy (Table I) were selected from the laboratory and clinical staff. The

medical ethics committee of the University Medical Center Utrecht

(Utrecht, The Netherlands) approved the study, and all patients pro-

vided written informed consent.

Inhalation challenges

Methacholine challenge. AHR was measured by using an inha-

lation provocation test with methacholine. Methacholine was inhaled

in doubling concentrations at 5-minute intervals in a range starting

from 0.038 mg/mL to a maximum of 8 mg/mL methacholine,

according to a standardized challenge protocol, to determine PC20

methacholine.36 FEV1 was measured at 30 and 90 seconds after 2-

minute tidal breathing through a calibrated nebulizer (model 646;

Devilbiss, Inc, Somerset, Pa; 0.13 mL/min) while the nose was clip-

ped. The challenge with inhaled methacholine was performed until

the FEV1 decreased by at least 20% from baseline FEV1 to determine



TABLE I. Characteristics (mean [6 SEM]) of control

subjects and subjects with mild asthma

Control

subjects

Asthmatic

subjects

No. 26 45

Age (y) 30.1 (3.0) 24.5 (1.1)

Sex (M/F) 14/12 33/12

Atopy 2 1

Baseline FEV1 (% predicted) 2 93.9 (1.8)

PC20 methacholine (mg/mL) 2 1.4 (0.3)

M, Male; F, female.
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PC20. Methacholine (Sigma-Aldrich, St Louis, Mo) was dissolved in

saline (0.9%) solution.

Allergen challenge. All patients were admitted to the hospital in

the morning. They underwent an allergen challenge after a short rest

period according to a standardized challenge procedure.36 Each sub-

ject’s specific skin sensitivity, together with the measured baseline

PC20 methacholine, were used to apply the Cockcroft formula to cal-

culate the lowest dose of allergen to start with during the allergen

challenge in each subject.35 FEV1 was measured 10 minutes after

2-minute tidal breathing in the same calibrated nebulizer as used

for measurement of the PC20 methacholine while the nose was clip-

ped. All FEV1 measurements were performed with a digital spirom-

eter (Sensorloop; SensorMedics Corp, Yorba Linda, Calif).

For safety reasons, we started 2 concentrations below the calculated

PC20 allergen value. Thereafter, the patients inhaled doubling concen-

trations of allergen with 10-minute intervals until the FEV1 decreased

more than or equal to 15% from the baseline FEV1. When a decrease in

FEV1 of more than or equal to 15% was reached, this was recorded as

the EAR. FEV1 measurements were continued every 10 minutes for

the first hour, then every 30 minutes until 2 hours, and subsequently

every hour until 7 hours after the allergen challenge. Then all patients

inhaled salbutamol, and when they were stable, they were dismissed

from the hospital with instructions to record symptoms and their

peak flow at regular intervals. The LAR was defined as a decrease in

FEV1 of more than or equal to 15% from baseline.36 Subjects with

both an EAR and a LAR were defined as dual responders, and the sub-

jects with only an EAR were defined as single responders.

Modulation of granulocyte phenotypes by
allergen provocation

We investigated leukocyte priming in peripheral blood before and

6 and 24 hours after allergen challenge.15 Patient characteristics were

assessed within 1 week before the allergen challenge. Physical exam-

ination and measurement of vital parameters were performed together

with measurement of baseline FEV1, methacholine challenge, and

skin prick testing. Furthermore, a sham allergen challenge with saline

inhalation was performed. Blood samples were taken to measure leu-

kocyte priming at baseline (15 minutes before start) and at 6 hours af-

ter sham challenge. In addition, FEV1 was measured at the same time

points. AHR assessed by means of a methacholine challenge test was

measured at the end of this clinical assessment day (7 hours after

sham challenge). On a second admission day, within a week after

the assessment day, an allergen challenge was performed with re-

peated FEV1 measurements. Blood samples were taken at the same

time points as during sham challenge. At the third day of admission,

24 hours after allergen challenge, patients returned to the hospital for

assessment of symptoms, and a methacholine challenge was per-

formed. FEV1 and peripheral blood leukocyte priming measurements

were performed 24 hours after allergen challenge.
Procedure for staining granulocytes with
monoclonal antibodies directed against
FcgRII (CD32: monoclonal phage antibody
A17), am (CD11b: 44A), and L-selectin
(CD62L: Dreg56)

Blood was collected in tubes containing sodium heparin as

anticoagulant and put on ice immediately after venipuncture. From

each tube, 2 samples of 50 mL were taken per FACS analysis. Blood

samples were stained with either of the different antibodies. The first

sample remained on ice until further processing. The second sample

was stimulated with 1026 mol/L N-formyl-methionyl-leucyl-phenyl-

alanine (fMLF; Sigma) for 10 minutes at 378C to determine the ex-

pression of epitopes after maximal in vitro stimulation. Thereafter,

the cells were kept on ice during the remainder of the analysis.

For staining of monoclonal phage antibody (MoPhab) A17, we

used a directly FITC-labeled MoPhab A17, as described previ-

ously.15,37 In short, MoPhab A17 was diluted 1:10 with PBS contain-

ing 4% milk powder. One hundred microliters of this mix was added

to whole-blood samples of 50 mL each and incubated for 60 minutes

on ice. For staining of am and L-selectin, 1 mL of CD11b antibody

(clone 44A, 10 mg/mL) and 1 mL of CD62L antibody (clone

dreg56, 10 mg/mL) were added to 50 mL of blood samples and incu-

bated for 30 minutes on ice. These mAbs were isolated from the su-

pernatant of hybridomas obtained from the American Type Culture

Collection (Rockville, Md).

After incubation with the different antibodies, erythrocytes were

lysed in isotonic ice-cold NH4Cl solution, followed by centrifugation

at 48C. In the case of anti-am/CD11b and anti-L-selectin/CD62L an-

tibodies, cells were counterstained with 1 mL of goat antimouse

(GAM)-FITC (Becton-Dickinson). For all conditions, the cells

were washed at 48C and resuspended in ice-cold PBS containing

1% human serum albumin (Sanquin, Amsterdam, The Netherlands)

for analysis. Cells were analyzed in a FACSvantage flow cytometer

(Becton-Dickinson). Neutrophils and eosinophils were identified ac-

cording to their specific side-scatter and forward-scatter signals.20,23

Data are reported as median fluorescence intensity in arbitrary units.

Statistics

The results are expressed as means 6 SEM. Differences between

study groups were compared by using the Mann-Whitney U test or

the Wilcoxon signed-rank test. We used repeated-measures

ANOVA for statistical evaluation of the effect of allergen exposure

(baseline or 6 and 24 hours after allergen challenge). Correlation stud-

ies were performed with Spearman correlation tests. All statistical

tests were performed with the Statistical software package SPSS

version 13.0 (Chicago, Ill). P values of less than .05 were considered

statistically significant (*P < .05, **P < .005, ***P < .001).
RESULTS

Phage antibody A17 recognizes FcgRIIA
(CD32) in an activated state

We have developed a MoPhab A17 that recognizes
innate immune cells activated in vitro and in vivo.15,37

Here we show that this antibody recognizes FcgRII in
an active conformation. As can be seen from Fig 1, murine
Ba/F3 cells expressing active human FcgRIIA are specif-
ically recognized by A17, whereas Ba/F3 cells expressing
human FcaRI33 are not. This phage antibody does not rec-
ognize FcgRII on unprimed granulocytes while this recep-
tor is nicely expressed (Fig 2). Activation of granulocytes



FIG 1. MoPhab A17 specifically recognizes FcgRIIA (CD32) on the

murine pre–B-cell line Ba/F3. Ba/F3 cells were stably transfected

with FcgRIIA or FcaRI (CD89) as a control. Thereafter, the cells were

double stained with MoPhab A17 (FITC labeled) and with either

IV.3/CD32 (phycoerythrin [PE] labeled) or A59/CD89 (PE labeled).

Fluorescence is depicted in arbitrary units (AU).

FIG 2. MoPhab A17 only recognizes FcgRIIA (CD32) when neutro-

phils are activated with fMLF. Median channel fluorescence is

depicted in arbitrary units (AU). Whole blood was activated with

different amounts of fMLF before erythrocytes were lysed, and

the leukocytes were stained with MoPhab A17 or mAb IV.3

(CD32). Neutrophils were identified according to their specific

side-scatter and forward-scatter signals. Fluorescence is depicted

in arbitrary units (AU). Data shown are means of 3 different

experiments.
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with different concentrations of fMLF is associated with
rapid expression of the activation epitope on FcgRII
recognized by A17, whereas the expression of the receptor
per se identified by mAb IV.338 stays constant. Similarly,
as in primary granulocytes, transfected Ba/F3 cells need
cytokine priming to bind to IgG-coated particles (results
not shown).

Priming of eosinophils and neutrophils is
associated with differential expression of
activation epitopes

Eosinophils from allergic asthmatic subjects exhibited
a higher expression of activated FcgRII compared with
cells from healthy donors (Fig 3, A and B).15 In marked
contrast to eosinophils, neutrophil expression of active
FcgRII did not differ between healthy control and asth-
matic subjects (Fig 3, A and C). Further characterization
of granulocyte priming was performed by staining for the
integrin subunit am/CD11b and L-selectin/CD62L. Both
markers on eosinophils and neutrophils did not differ sig-
nificantly between healthy control and asthmatic subjects
(Fig 3, D and E, respectively), making these markers less
useful for the determination of granulocyte priming in the
systemic compartment in allergic asthma. Interestingly, a
clear positive correlation was found between the expres-
sion of am/CD11b and L-selectin/CD62L on both eosin-
ophils and neutrophils from asthmatic subjects (Fig 4).

Eosinophils of asthmatic subjects showed an enhanced
responsiveness to the innate immune stimulus fMLF in the
context of expression of active FcgRII compared with
those of control subjects (Fig 3, B). Interestingly, neutro-
phils also showed an enhanced responsiveness to fMLF
(Fig 3, C). Comparable with earlier studies,39,40 activation
of eosinophils and neutrophils by fMLF in vitro increased
the expression of am/CD11b and decreased the expres-
sion of L-selectin/CD62L on granulocytes of both asth-
matic subjects (Fig 3, F) and control subjects (data not
shown). In agreement with the unstimulated samples, the
fMLF-stimulated granulocytes also did not show differ-
ences between control and asthmatic subjects on CD11b
or L-selectin expression (data not shown).

Different priming phenotypes of granulocytes
found in single and dual responders after
allergen challenge

We next investigated the effect of bronchial allergen
challenge on the systemic inflammatory responsiveness of
granulocytes. This was investigated in allergic patients
who had both an EAR and a LAR and in patients who only
had an EAR (Table II). No differences were found on ex-
pression of active FcgRII on neutrophils and eosinophils



FIG 3. In vivo priming of eosinophils (A, B, and D-F) and neutrophils (A and C-F) in asthmatic subjects com-

pared with cells from control subjects. Priming was measured by means of determination of expression of

MoPhab A17 (Fig 3, A-C), am (CD11b; Fig 3, D and F), or L-selectin (CD62L; Fig 3, E and F). Statistics was per-

formed with Mann-Whitney U tests. Median channel fluorescence is depicted in arbitrary units (AU).
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between dual and single responders (Fig 5). Six hours after
allergen challenge, eosinophils showed an increased ex-
pression of active FcgRII in dual responders, whereas
no effect was seen in single responders. Interestingly, al-
lergen challenges had no effect on expression of active
FcgRII on neutrophils in both single and dual responders
(Fig 5).

As expression of active FcgRII on neutrophils was not
affected at basal levels, and 6 hours after allergen
challenge, we investigated the responsiveness of the cells
to fMLF. As shown in Fig 6, the responsiveness for fMLF
of neutrophils and eosinophils was differentially modu-
lated by allergen challenge in dual and single responders.
In dual responders eosinophils did not show an enhanced
responsiveness to fMLF in the context of expression of ac-
tive FcgRII after allergen challenge (Fig 6, A). In contrast,
on allergen challenge neutrophils of these dual responders
showed an enhanced responsiveness to in vitro stimulation
with fMLF (Fig 6, B). In single responders, on the other
hand, eosinophils showed a decreased responsiveness to
fMLF stimulation after allergen challenge (Fig 6, C),
whereas neutrophils were not affected in these patients
(Fig 6, D). In contrast to expression of active FcgRII, no
differences in basal or fMLF-stimulated expression of
CD11b or L-selectin were found 6 hours after allergen
challenge in dual or single responders (data not shown).
All priming responses induced by allergen exposure in
fMLF-stimulated granulocytes were normalized to base-
line 24 hours after allergen challenge (data not shown).

Different inflammatory responses are
reflected by differences in granulocyte
priming phenotypes

The correlation between priming markers and long-
term characteristics of the asthma phenotype, such as
enhanced AHR, was studied. Previous studies have shown
that am/CD11b expression on eosinophils in peripheral
blood correlated inversely with low levels of AHR to
histamine.21 We could confirm the correlation between
CD11b and eosinophil AHR in our patients (Fig 7, data
shown are from dual responders; Table II). In addition to
the correlation in eosinophils, we also identified a strong
correlation between AHR and CD11b expression levels
on neutrophils (Fig 7, B, data shown are from dual re-
sponders; Table II). In the same patient group no correla-
tion could be found between AHR and L-selectin levels on
eosinophils (r 5 20.50, P 5 .22) and neutrophils (r 5

20.67, P 5 .06), but this might be caused by the low
power of the study. In addition, no correlation was found
between AHR and MoPhab A17 expression on eosino-
phils (r 5 20.32, P 5 .41) and neutrophils (r 5 20.30,
P 5 .44).



FIG 4. Integrin subunit am/CD11b expression correlates positively

with L-selectin/CD62L expression on eosinophils (A; n 5 25) and

neutrophils (B; n 5 23) in peripheral blood of asthmatic subjects.

Data regarding am/CD11b expression levels are plotted against

the L-selectin/CD62L expression values within the same patient.

Median cell fluorescence (MCF) is presented in arbitrary units (AU).

TABLE II. Characteristics (mean [6 SEM]) of single and

dual responders

Single

responders

Dual

responders

No. 7 10

Age (y) 23.6 (3.4) 22.7 (0.9)

Sex (M/F) 7/0 4/6

Baseline FEV1 (% predicted) 94.1 (3.8) 87.9 (2.8)

PC20 methacholine (mg/mL)* 0.79 (0.08-5.22) 0.66 (0.08-4.90)

Allergen challenge with

HDM/cat/grass

2/3/2 8/2/0

EAR (% decrease in FEV1

from baseline)

19.8 (2.3) 24.9 (2.5)

LAR (% decrease in FEV1

from baseline)

1.8 (1.1) 30.0 (4.1)

Average onset LAR 2 5 h

M, Male; F, female; HDM, house dust mite.

*Geometric mean of baseline PC20 methacholine (range).
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DISCUSSION

Priming of inflammatory cells in peripheral blood is
a general process in chronic inflammatory diseases, such
as allergic asthma.15,16,40,41 Important inflammatory pro-
cesses, such as chemotaxis, adhesion, and transendothelial
migration, can all be preactivated in vivo in peripheral
blood cells. This process can be mimicked by adding
TH2 cytokines to nonprimed granulocytes from healthy in-
dividuals in vitro.16,41,42 Therefore priming of peripheral
blood granulocytes reflects part of the systemic inflamma-
tory response in allergic asthma.16,43 We used this priming
response to study the systemic innate immune response in
different phenotypes and phases of allergic asthma, with a
focus on modulation of both eosinophils and neutrophils.

The expression of the integrin subunit am/CD11b, L-
selectin/CD62L, or both is modulated by activation in vitro
and is therefore used as a marker of leukocyte activa-
tion.39,40,44 Previous studies have shown that no differ-
ences in expression of am or L-selectin were found on
granulocytes of subjects with mild (to moderate) asthma
(with or without treatment) compared with cells of control
subjects.21,40 We developed the MoPhab A17 as a tool
to detect cytokine-primed leukocytes in vitro and
in vivo.15,37 A17 recognizes FcgRII (CD32) only in the
context of activated cells (Figs 1 and 2). Ba/F3 cells stably
transfected with FcgRIIA express an activated FcgRII
when cytokines are present in the culture medium and
are clearly recognized by the A17 antibody (Fig 1). The
binding is specific because Ba/F3 cells stably transfected
with FcaRI (CD89)33 are not recognized by A17 under
the same conditions. The A17 antibody only recognizes
active FcgRII on neutrophils because activation of cells
is essential for A17 to bind (Fig 2). The expression of
FcgRII per se visualized with the antibody IV.3 is con-
stant, irrespective of the presence of activators. The data
are in concordance with our earlier findings showing that
the functionality of FcgRII on primary eosinophils,45 as
well as in transfected Ba/F3 cells,46 is under the control
of inside-out signals induced by both chemoattractants
and cytokines. FcgRII-mediated binding of these cells to
IgG-coated targets is critically dependent on the presence
of these stimuli. Although the epitope recognized by
A17 remains to be identified, binding of A17 to active
FcgRII is inhibited by preincubation of the cells with an
excess of mAb IV.3, which recognizes the D2g domain
of the extracellular portion of the receptor.38

We studied the expression of am and L-selectin on
granulocytes to compare and validate the kinetics of the
expression of active FcgRII on these cells. Expression of
active FcgRII seems to be more sensitive to priming
stimuli compared with am/CD11b, because the A17
antibody could recognize eosinophil priming in asthmatic
subjects even without allergen challenge (Fig 3),15

whereas am/CD11b and L-selectin/CD62L expression
levels were similar on eosinophils or neutrophils of both
asthmatic and control subjects (Fig 3).

Much to our surprise, strong positive correlations were
found between L-selectin/CD62L and am/CD11b expres-
sion levels on both eosinophils and neutrophils from
asthmatic subjects (Fig 4). These data suggest that expres-
sion of am/CD11b and L-selectin/CD62L is controlled
differently compared with the modulated expression of
these markers on cells activated in vitro (Fig 1, F)39,40 or
in the lung tissue in vivo.47 Our data are consistent with



FIG 5. Differential MoPhab A17 expression before and after allergen challenge on eosinophils and neutrophils

between dual (n 5 10) and single (n 5 7) responders. The differences in priming were analyzed with the Mann-

Whitney U test. Differences between prechallenge and postchallenge MoPhab A17 expressions were analyzed

with Wilcoxon signed-rank tests. Data are depicted as median channel fluorescence (MCF) and given in

arbitrary units (AU).

FIG 6. Differential regulation of responsiveness for fMLF in neu-

trophils and eosinophils isolated from peripheral blood of dual and

single responders. Priming was measured on the basis of expres-

sion of MoPhab A17 on eosinophils and neutrophils of dual

responders (A and B, respectively) and single responders (C and

D, respectively) before and 6 hours after allergen challenge. Data

were analyzed with Wilcoxon signed-rank tests. NS, Not signifi-

cant; MCF, median channel fluorescence; AU, arbitrary units.
FIG 7. Low baseline (before allergen challenge) log2 PC20 metha-

choline values (<1.5 mg/mL) correlate with am/CD11b expression

on eosinophils (A) and neutrophils (B) isolated from peripheral

blood of dual responders (n 5 9). Data regarding am/CD11b ex-

pression levels are plotted against the baseline PC20 methacholine

in the same patient. Median channel fluorescence (MCF) is given in

arbitrary units (AU).
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a model that ambright/L-selectinbright cells comprise a phe-
notype that facilitates adhesion and homing in allergic
asthmatic subjects. During subsequent extravasation, L-
selectin is shed from the surface, whereas am is even
more increased.47

In marked contrast to eosinophils, no differences were
found in basal expression of active FcgRII on peripheral
blood neutrophils of asthmatic and healthy control sub-
jects.15 However, these cells exhibit an enhanced respon-
siveness toward the chemoattractant fMLF (Fig 3, C),
demonstrating that neutrophils in these patients are subtly
primed in vivo.

We next addressed the question of whether differences
in asthma phenotypes were associated with differences
in systemic innate immune responses. Priming was
measured before and after allergen challenges in 2 types
of subjects with mild allergic asthma: single and dual
responders. These 2 groups of patients did not distinguish
themselves at baseline in terms of disease severity,
baseline FEV1, or AHR. The only apparent difference
was the presence of an allergen-induced LAR in dual
responders. In marked contrast to single responders,
the LAR in dual responders is characterized by an in-
creased expression of active FcgRII on peripheral blood
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eosinophils 6 hours after allergen challenge. In the same
patients the neutrophil compartment was not changed in
this context. A similar activation phenotype was found
for FcaRI (CD89) expressed on eosinophils isolated
from asthmatic patients.48 The consequence of the en-
hanced expression of activated FcRs on human eosinophils
for the pathology seen in asthma remains to be established,
but it is clear that FcRs are important effector molecules in
the activation of cytotoxic mechanisms used by these cells.
By means of inside-out activation of these receptors, the
cells acquire a primed state that is required for optimal in-
teraction with immunoglobulin-coated targets.

It was surprising that the neutrophil compartment did
not seem to be targeted during the allergen-induced
systemic activation of the innate immune system because
neutrophils are recruited to the lung after allergen prov-
ocation24,26 and these cells are involved in the persistent
inflammation in asthmatic subjects.5,6,8,9 Therefore we de-
cided to study the priming of the neutrophil compartment
in more detail. We showed that neutrophils were more sen-
sitive for fMLF stimulation after allergen challenge in dual
responders, whereas neutrophils in the blood of single re-
sponders were not influenced (Fig 6).

The present study cannot explain the mechanisms
involved in the differences in fMLF responsiveness of
granulocytes from single and dual responders. It is,
however, tempting to speculate that asthmatic patients
only experience a late-phase asthmatic reaction when both
eosinophil and neutrophil compartments are functionally
upregulated. This situation is similar in both male and
female asthmatic patients (results not shown).

In marked contrast to expression of active FcgRII,
which is rapidly upregulated during acute responses (eg,
allergen challenge), am/CD11b expression on eosinophils
and neutrophils significantly correlated with bronchial
hyperresponsiveness of asthmatic subjects (Fig 7), as was
also seen by In’t Veen et al.21 These findings are in line
with the hypothesis that the expression of am/CD11b
and L-selectin/CD62L on eosinophils and neutrophils bet-
ter reflects a more continuous inflammatory tone caused
by chronic tissue inflammation.

In conclusion, multiple priming phenotypes of periph-
eral blood granulocytes can be identified by means of
analysis of differential expression of activation markers on
granulocytes. Different types of allergic asthma (eg, single
EAR or dual EAR/LAR after allergen challenge) are
characterized by different priming phenotypes of eosino-
phils and neutrophils. The data underline the presence of
differences in persistent chronic inflammation and acute
allergen-induced inflammation. The differences in innate
responses will have consequences in the diagnosis of
multiple disease phenotypes and the design of new
therapeutic options for these different classes of patients.
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