
Background: Dendritic cells can express the high-affinity IgE
receptor (FcεRI), which, in the presence of specific IgE, facili-
tates the uptake of allergen, leading to increased activation of
allergen-specific T cells. FcεRI expression by dendritic cells is
higher in the airways of atopic asthmatic subjects than in
those of healthy, nonatopic control subjects.
Objective: The aims of this study were to determine whether a
similar difference in FcεRI expression occurs between dendrit-
ic cells in the peripheral blood of atopic asthmatic subjects and
healthy individuals and also whether an altered ability of
FcεRI+ peripheral blood dendritic cells to bind IgE accompa-
nies the atopic asthmatic state.
Methods: Flow cytometry was used to analyze the surface
expression of FcεRI and exogenously bound IgE on dendritic
cells identified as lineage negative (CD3, CD14, CD16, CD19,
and CD56) and HLA-DR bright.
Results: The total expression of FcεRI on the surface of den-
dritic cells from healthy and asthmatic subjects was not signifi-
cantly different. However, in vivo, dendritic cells from atopic
asthmatic subjects had higher levels of receptor occupancy by
IgE and bound exogenous IgE in vitro more efficiently than
dendritic cells from healthy subjects.
Conclusion: The similar levels of expression of FcεRI on
peripheral blood dendritic cells from healthy and asthmatic
subjects suggest that the local environment in the airway is
responsible for the upregulation of surface FcεRI on airway
dendritic cells in asthma. The results also suggest that the
functional ability of FcεRI to bind IgE is differentially con-
trolled in the atopic state. (J Allergy Clin Immunol
2001;107:1009-18.)
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IgE and its high-affinity receptor (FcεRI) play a piv-
otal role in the pathophysiology of asthma and other
allergic diseases. Within minutes of exposure to allergen,
FcεRI+ mast cells bearing IgE directed against the rele-
vant allergen become activated and release a variety of
mediators, chemotactic factors, and cytokines.1-3 Howev-
er, the expression of FcεRI on other cells present at aller-
gic reaction sites, such as eosinophils,4 suggests that the
function of FcεRI goes beyond its role in type I hyper-
sensitivity. Recently, it is the expression of FcεRI on anti-
gen-presenting cells, notably monocytes and dendritic
cells, that has received particular attention.5

When expressed on antigen-presenting cells, FcεRI is
directly involved in antigen capture for subsequent pre-
sentation to T cells.6,7 Allergen-specific IgE bound to the
receptor through its Fc region can capture multimeric
allergens, leading to receptor cross-linking and internal-
ization. The internalized allergen is then proteolytically
cleaved in cathepsin S–enriched intracellular compart-
ments,8,9 and the resulting allergen peptides are loaded
onto MHC class II molecules for presentation to T cells.
FcεRI-mediated allergen uptake is up to 1000 times more
efficient than allergen handled by any other route and
results in greatly enhanced activation of allergen-specific
T helper cells.6 Thus in allergic diseases, in which levels
of allergen-specific IgE are elevated, this mechanism
may be critically important in enhancing and perpetuat-
ing allergic inflammation and could thus contribute to the
chronicity of the asthmatic inflammatory response.

The contribution of FcεRI-mediated allergen presenta-
tion by dendritic cells to the pathogenesis of allergic dis-
eases may be further augmented by the fact that FcεRI
expression is increased on dendritic cells present at the sites
of allergic disease.5 In this context we have reported a sig-
nificant increase in the number of FcεRI-bearing dendritic
cells in the airways of atopic asthmatic subjects when com-
pared with the airways of healthy subjects.10,11 It is there-
fore of critical importance to understand how FcεRI
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expression by dendritic cells is regulated in atopic asthma
and to probe the functional competence of this receptor.

To gain an insight into the in vivo regulation of FcεRI
expression by dendritic cells, we have investigated
whether peripheral blood dendritic cells, the stage in the
dendritic cell life cycle that immediately precedes
recruitment into the lung, also show increased expression
of FcεRI in atopic asthmatic subjects compared to
healthy, nonatopic subjects. Furthermore, the possibility
that the function of FcεRI on dendritic cells may be dif-
ferentially regulated in atopic asthmatic subjects and
healthy subjects has been explored by examining the ex
vivo occupancy of FcεRI by IgE and its ability to bind
exogenous IgE in vitro.

To avoid artifactual changes in FcεRI expression
induced during cell purification, we have used 3-color flow
cytometry to determine FcεRI surface expression on den-
dritic cells present at low frequency within PBMC prepara-
tions. This relatively simple and rapid method for the phe-
notypic analysis of dendritic cells enables the cells to be
studied with minimal alteration to their phenotype.

METHODS

Materials

For skin prick tests (SPTs), aeroallergens and the saline (nega-
tive) control were obtained from Hollister Stier (Spokane, Wash)
and the histamine acid phosphatase (positive) control was from
ALK A/S (Hørsholm, Denmark). The dry wedge spirometer was
from Vitalograph Ltd (Buckingham, United Kingdom). Cell purifi-
cation reagents and chemical supplies were from Life Technologies
(Paisley, United Kingdom) or Sigma-Aldrich Chemical Company
(Dorset, United Kingdom). Sulfo-NHS-LC-biotin was from Pierce
and Warriner (Cheshire, United Kingdom). FITC was from Sigma-
Aldrich Chemical Company, and protein G and diethylaminoethyl
cellulose was from Pharmacia Biotech (Hertfordshire, United King-
dom).

Antibodies

The murine mAb 15.1 against the α subunit of FcεRI (FcεRI α;
kindly provided by Professor Jean-Pierre Kinet, Boston, Mass) and
anti-CD23 (MHM6; American Type Culture Collection) were con-
jugated to biotin by using sulfo-NHS-LC-biotin according to the
manufacturer’s recommendations. Streptavidin quantum red was
purchased from Sigma-Aldrich Chemical Company. HLA-DR-
FITC, HLA-DR-peridinin chlorophyll protein (PerCP; both clone
L243), and phycoerythrin (PE)–conjugated antibodies against CD3
(clone SK7), CD14 (clone MφP9), CD20 (clone L27), CD16 (clone
B73.1), and CD56 (clone MY31) were obtained from Becton Dick-
inson (Oxford, United Kingdom). Biotinylated IgG1 and IgG2a iso-
type control antibodies were from Dako A/S (Glostrup, Denmark),
and IgG2a FITC and IgG2a PerCP were from Becton Dickinson.
IgE obtained from a patient with myeloma in the area served by the
Southampton University Hospitals Trust was a kind gift from Pro-
fessor Martin Glennie (Tenovus Laboratories, Southampton, United
Kingdom). Myeloma IgE was purified by means of isolation with a
protein G column and was either left unconjugated or was FITC
conjugated, followed by ion exchange chromatography on diethyl-
aminoethyl cellulose.

Study population

Ten healthy, nonatopic volunteers; 10 atopic subjects with mild
asthma receiving treatment with inhaled β2-agonists as required; 5

atopic nonasthmatic subjects; 5 nonatopic asthmatic subjects with
mild symptomatic disease; and 5 atopic subjects with moderate asth-
ma treated with inhaled corticosteroids took part in the study. Sub-
jects were characterized with respect to atopic status (SPT reactivity
and plasma total IgE levels), FEV1, and a clinical history of asthmat-
ic episodes. SPTs were carried out with the following aeroallergens:
Dermatophagoides pteronyssinus, mixed grasses, cat fur, and dog
hair. A skin wheal response was scored as positive if larger than 3 mm
in diameter in the presence of negative and positive control reactions.
Total IgE was measured by using a sandwich ELISA of plasma sam-
ples. Nonatopic subjects were defined as having a negative SPT
response to all the aeroallergens and circulating levels of total IgE of
less than 100 IU/mL.12 Subjects with a positive SPT response and
clinical history of atopy, irrespective of the level of total IgE, were
regarded to be atopic. Lung function was determined by measurement
of FEV1 with a dry wedge spirometer, with the highest of 3 values
recorded. The FEV1 was expressed as a percentage of predicted value
adjusted for sex, height, and age.13 All subjects gave informed con-
sent, and the study was approved by the Southampton Combined Uni-
versity and Hospital Ethics Committee (246/97).

Preparation of PBMCs

PBMCs were separated from 70 mL of EDTA-treated blood by
means of standard centrifugation over Lymphoprep (20 minutes at
20°C and 1000g). Plasma was collected for subsequent analysis of
total IgE levels. Once washed, PBMCs were divided into 2 frac-
tions, and all further processing was performed at 4°C. The first
fraction was incubated for 5 minutes with 0.01 mol/L lactic
acid–buffered saline solution (0.13 mol/L NaCl, 0.005 mol/L KCl,
and 0.01 mol/L lactic acid [pH 3.9])14 to remove in vivo–bound IgE.
In preliminary time-course studies, this time point was determined
as being most efficient at removal of IgE with maximum retention
of cell surface FcεRI (see Results section). The second fraction was
incubated in PBS (Dulbecco’s PBS without Ca2+ and Mg2+) as a
control, allowing analysis of the level of ex vivo occupancy of the
IgE receptors. Cells were then immediately washed twice with cold
PBS with 0.1% sodium azide (NaN3; wt/vol) and 1% BSA (wt/vol).

Immunostaining for flow cytometry

For each condition, 1 × 106 cells were incubated for 30 minutes
in PBS with 0.1% NaN3 and 1% BSA containing 50 µg/mL human
Fcγ fragments (blocking buffer) to prevent nonspecific binding by
means of Fcγ receptors. Cells were then incubated for 30 minutes
with 50 µL of biotinylated mAb 15.1, anti-CD23, or isotype con-
trols, all diluted to their optimal concentration in blocking buffer.
The cells were washed 3 times in wash buffer. Cells were then
labeled with streptavidin quantum red in conjunction with FITC-
conjugated anti-HLA-DR and a cocktail of PE-conjugated antibod-
ies against CD3, CD14, CD20, CD16, and CD56 and incubated for
30 minutes. In parallel, cells were also labeled with appropriate flu-
orochrome-conjugated isotype control antibodies, anti-HLA-DR
FITC, and the cocktail of PE-conjugated antibodies. PBMCs were
washed 3 times and placed on ice in the dark pending analysis.

Assessment of the ability of unoccupied

FcεRI on dendritic cells to bind IgE in vitro

Flow cytometry was used to assess the in vitro binding of IgE by
unstripped and lactic acid–stripped FcεRI. Cells were stained simul-
taneously with IgE conjugated to FITC, an HLA-DR PerCP conju-
gate, and the cocktail of PE-conjugated antibodies against lineage
markers. As a control, cells were preincubated on ice for 30 minutes
with 10 µg/mL unconjugated myeloma IgE and then stained with
IgE-FITC as above. To determine the contribution of FcεRI to IgE
binding, stripped cells were preincubated with 5 µg/mL mAb 15.1
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before labeling with FITC-conjugated myeloma IgE. PBMCs were
washed 3 times and placed on ice in the dark pending analysis.

Flow cytometric analysis

Events were acquired by using a FACScan flow cytometer (Bec-
ton Dickinson, Oxford, United Kingdom) and analyzed by with Win-
MDI 2.8 software (Scripps Research Institute, La Jolla, Calif). Cells
were passed through the flow cytometer at a flow rate of 1000 events
per second. Dendritic cells were identified as showing no labeling for
CD3, CD14, CD16, CD20, and CD56 and strong labeling for HLA-
DR. The following parameters were used to define the dendritic cell
gate. Cells negatively stained with PE were defined as lying below
101 on the FL2 axis, corresponding to the 99th percentile of PE-
isotype control–stained dendritic cells. Having excluded all PE+ cells,
the FITC gate was set (on PE– cells) to include 99% of the HLA-DR
bright cells. The exact position of this gate was donor specific but
always lay in the second log decade on the FL1 axis.

In excess of 1 × 106 events were required to selectively acquire
5000 dendritic cells, a process taking approximately 20 minutes per
sample. By using 3-color analysis, the presence of surface FcεRI α,
CD23, and in vitro–bound myeloma IgE on these dendritic cells was
determined. All positive staining was compared with that of appro-
priate isotype controls. The percentage of positive cells was defined
as the proportion expressing higher levels of fluorescence than the
isotype control. Mean fluorescence intensity (MFI) was used to com-
pare the relative density of the receptor on the cell surface. MFI was
always measured on the entire ungated cell population.

Statistical analyses

FEV1 and total plasma IgE levels were expressed as means ±
SEM. Comparisons between all 5 subject groups were made by
using multifactorial analysis on the basis of ANOVA. A comparison
between atopic asthmatic and healthy subjects, subjects with atopy

or asthma alone, or atopic asthmatic subjects with and without
inhaled steroid treatment were then made by using a 2-tailed inde-
pendent Student t test. A P value of less than .05 was considered sig-
nificant. Statistical analysis was performed with SPSS version 8
software. The Spearman rank correlation coefficient was calculated
to determine the relationship between plasma IgE and total FcεRI
expression on dendritic cells and was considered significant at a P
value of less than .05.

RESULTS

Clinical and physiologic characteristics of the

subjects

The clinical and physiologic details of the subjects
studied are summarized in Table I.

Identification of peripheral blood dendritic

cells and their expression of surface FcεRI

By using 2-color flow cytometry, dendritic cells were
identified as cells staining brightly for HLA-DR but neg-
ative for a cocktail of antibodies against markers of T-
cell, B-cell, monocyte, and NK cell lineages (Fig 1, A,
region 1). The proportion of dendritic cells in PBMCs
was found to be in the range 0.15% to 1.1% (mean,
0.40% ± 0.19%; n = 35). To identify surface FcεRI on
dendritic cells, 5000 dendritic cell events were collected
in region 1 (Fig 1, B), and those showing immunoreac-
tivity to mAb 15.1 were detected in a third color (Fig 1,
C). In the case of the atopic asthmatic subject shown in
Fig 1, 59% of peripheral blood dendritic cells expressed
moderate levels of surface FcεRI α (MFI of 15).

TABLE I. Clinical and physiologic characteristics of the patients studied

Subject category (sex, M:F) Age (y) FEV1 (% predicted) IgE (IU/mL)

Healthy subjects (4:6)*

Range 18-46 93-130 5-42
Mean 32.40† 107.60‡ 13.20�

SE 2.6 3.7 3.7
Atopic nonasthmatic subjects (1:4)*

Range 27-36 88-104 14-333
Mean 30.20† 97.80 103.40
SE 1.6 3.0 58.6

Nonatopic asthmatic subjects (1:4)*

Range 25-45 78-94 5-25
Mean 31.00† 84.80 10.00
SE 3.6 2.6 5.0

Atopic subjects with mild asthma (6:4)*

Range 19-45 73-95 28-533
Mean 30.30† 84.30‡§ 174.00�

SE 2.6 2.4 58.4
Atopic subjects with moderate asthma (2:3)*

Range 33-46 65-85 25-377
Mean 36.60† 71.00§ 174.00�

SE 2.4 3.6 58.4

*No significant difference among the subject groups with respect to sex (P = .541).
†No significant difference among the subject groups with respect to age (P = .589).
‡Significantly lower lung function in atopic subjects with mild asthma than in healthy subjects (P < .01).
§Significantly lower lung function in atopic subjects with moderate asthma than in subjects with mild asthma (P < .01).
�Significantly higher total IgE levels in atopic asthmatic subjects than in healthy subjects (P < .01).
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Effect of dissociation of in vivo bound

surface IgE from dendritic cells

The mAb 15.1 only recognizes FcεRI α that is not
occupied by IgE. To estimate total receptor expression by
using this antibody, it has therefore been necessary to
acid strip IgE from the dendritic cell surface before
immunostaining with 15.1. In all the subjects tested, after
5 minutes of acid stripping at 4°C, levels of staining with
15.1 either remained unchanged or were increased (Fig
2). Irrespective of ex vivo occupancy of FcεRI by IgE,
staining of dendritic cells with mAb 15.1 (both percent-
age and MFI) was never decreased by lactic acid strip-

ping (Fig 2). Therefore cells exhibiting mAb 15.1
immunoreactivity before acid stripping were considered
to express unoccupied FcεRI, whereas the level of stain-
ing observed with mAb 15.1 after dissociation of IgE has
been taken to represent total FcεRI expression.

The effect of acid stripping on the ability to detect
FcεRI on peripheral blood dendritic cells from an atopic
asthmatic subject is shown in Fig 3. Dendritic cells
expressing unoccupied FcεRI increased from 60% to 68%
after acid treatment, suggesting that IgE had been effec-
tively removed from 8% of dendritic cells. The density of
detectable FcεRI also increased, as indicated by a change
in MFI from 13 to 27. After removal of in vivo–bound
IgE, 24% of dendritic cells were able to bind IgE added in
vitro compared with 3% before treatment. Acid stripping
did not induce nonspecific antibody binding because nei-
ther the percentage nor MFI of cells stained with the iso-
type control changed (0.9% and MFI of 2.4 compared
with 0.4% and MFI of 2.2 after acid stripping).

Levels of expression of the low-affinity IgE receptor
(CD23) were negligible on the peripheral blood dendritic
cells and remained unchanged after lactic acid stripping
(Fig 4, A). Incubation of cells with mAb 15.1 before expo-
sure to exogenous IgE inhibited IgE binding (Fig 4, B).

FcεRI expression on peripheral blood

dendritic cells from healthy and asthmatic

subjects

Total FcεRI expression on dendritic cells from 10
healthy and 10 atopic subjects with mild asthma was
compared after treatment of the cells with acid-buffered
saline solution (Fig 5). There was no significant differ-
ence in the percentage of dendritic cells positive for
FcεRI (60.73% ± 6.7% for healthy nonatopic subjects
compared with 51.79% ± 5.5% for atopic subjects with
mild asthma, P = .318). There was also no significant
difference in the density of receptor on the dendritic cell
surface (26.74 ± 5.9 for healthy nonatopic subjects com-
pared with 21.82 ± 4.8 for atopic subjects with mild

FIG 1. Identification of dendritic cells and their surface receptors by means of 2- and 3-color flow cytometry. A,
Dendritic cells, identified as events lying within region 1 (R1), were strongly stained with an FITC-
conjugated antibody against HLA-DR but showed no immunoreactivity with a cocktail of PE-conjugated anti-
bodies against the lineage markers CD3, CD14, CD16, CD20, and CD56. In this representative experiment den-
dritic cells comprised 0.74% of PBMCs. B, Five thousand dendritic cell events within R1 were collected and ana-
lyzed in a third color for FcεRI surface staining. C, The percentage of dendritic cells stained with biotinylated
mAb 15.1 against FcεRI α was 59.22% (visualized with streptavidin quantum red). The MFI was 15.01. The
biotinylated mouse IgG1 isotype control antibody detected with streptavidin quantum red is overlaid in grey.

FIG 2. Summary of the effects of acid stripping on immunoreac-
tivity with mAb 15.1. PBMCs from healthy subjects (NN, n = 10)
and atopic asthmatic subjects with mild disease (AAmild, n = 10)
were labeled with mAb 15.1 either before (Unoccupied FcεRI) or
after (Total FcεRI) removal of IgE by means of a 5-minute expo-
sure to lactic acid–buffered saline solution. The ability to detect
FcεRI α on peripheral blood dendritic cells was determined by
means of flow cytometry. In all cases acid stripping either
enhanced receptor expression or left it unchanged; receptor lev-
els were never decreased by using acid treatment.

A B C
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asthma, P = .527). Although fewer dendritic cells from
atopic asthmatic subjects had unoccupied FcεRI before
lactic acid treatment, and the density of free receptor
was lower than that found on dendritic cells from
healthy subjects, this failed to reach statistical signifi-
cance (P = .085 for percentage expression and P = .062
for MFI, data not shown).

Comparing peripheral blood dendritic cells from asth-
matic subjects with mild versus moderate disease, there
was a significant increase with disease severity in both the
number of dendritic cells positive for total FcεRI (P =
.036) and in the density of the receptor after acid stripping
(P = .013; Fig 5, B). The density of unoccupied FcεRI was
significantly increased on dendritic cells from subjects

FIG 3. Effect of dissociation of IgE from dendritic cells. PBMCs from an atopic asthmatic subject were left
untreated or treated with 0.01 mol/L lactic acid–buffered saline solution for 5 minutes before immunostain-
ing. In this representative experiment there was no change in the percentage or MFI of cells stained with
the isotype control (grey overlay). After acid treatment, the percentage of dendritic cells expressing FcεRI
detected by staining with mAb 15.1 increased from 60.50% to 67.60%, and the MFI increased from 12.64 to
26.71 (A). The percentage of dendritic cells able to bind exogenous IgE added in vitro increased from 3.50%
to 23.60%, and the MFI increased from 4.57 to 9.51 (B).

FIG 4. The contribution of CD23 and FcεRI to the binding of exogenous IgE by dendritic cells. 3-color flow
cytometry showed the expression of CD23 by dendritic cells to be negligible either before (A) or after (B) lac-
tic acid stripping (gray overlay, isotype control). C, After lactic acid treatment (black curve on histogram),
25.76% of dendritic cells were able to bind myeloma IgE (MFI of 4.9). Preincubating these acid/saline solu-
tion–treated PBMCs with unconjugated mAb 15.1 (gray overlay) reduced the proportion of dendritic cells
able to bind exogenous IgE to 0.7% (MFI of 2.33).

A B

A B C
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with moderate asthma (P = .013), although the increase in
the percentage of cells expressing unoccupied receptor
failed to reach significance (P = .078, data not shown).

Total FcεRI expression was compared with the lev-
els of unoccupied receptor before the removal of IgE to
obtain an indirect measure of the occupancy of FcεRI
by endogenous IgE in vivo. The ratio of total FcεRI
minus unoccupied receptor divided by the total levels
of FcεRI for both percentage and MFI values was cal-
culated. When compared with healthy subjects, periph-
eral blood dendritic cells from atopic asthmatic sub-
jects showed increased in vivo–bound IgE, which was
significant for the percentage of positive cells (P <
.001) and for the MFI ratio (P = .005; Fig 5, C). Den-
dritic cells from subjects with moderate asthma
showed a further increase in bound endogenous IgE
when compared with those from subjects with milder
disease (P = .002, data not shown).

Pooling the data from all 5 subject groups, correlations
were sought between plasma total IgE levels and the levels
of either unoccupied FcεRI or total FcεRI expressed on
dendritic cells. There was a weak negative correlation
between plasma total IgE levels and the level of unoccupied
FcεRI expressed on dendritic cells (r = –0.339, P = .046),
suggesting that as the level of plasma total IgE rises, the
amount of detectable free FcεRI decreases. No correlation
was found between plasma total IgE levels and the expres-
sion of total FcεRI revealed by means of acid stripping.

Ability of unoccupied FcεRI expressed on

dendritic cells to bind IgE in vitro

Peripheral blood dendritic cells from healthy subjects
were unable to bind IgE either before or after lactic acid
stripping (Fig 6, A). In contrast, although cells from atopic
subjects with mild asthma were also unable to directly
bind IgE ex vivo, after removal of in vivo–bound IgE by
means of acid stripping, there was a significant increase in
the binding of exogenous IgE in vitro (P = .009; Fig 6, A).
After acid stripping, 13.6% ± 4.1% of dendritic cells from
healthy subjects were able to bind myeloma IgE compared
with 33.0% ± 4.3% of dendritic cells from atopic asthmat-
ic subjects (Fig 6, B), a difference statistically significant
at the 99% confidence level. Although dendritic cells from
atopic asthmatic subjects with moderate disease showed a
further increase in the ability to bind IgE, this did not
achieve statistical significance (P = .102).

To determine whether the higher binding of IgE in
vitro by atopic asthmatic dendritic cells was preferential-
ly associated with atopy or asthma, acid-stripped periph-
eral blood dendritic cells from subjects with atopy or
asthma alone were compared (Fig 6, B). An increased
ability to bind exogenous IgE was found in both the
atopic and asthmatic groups, with the increase being
more pronounced in the atopic group, although the dif-
ference failed to reach significance (P = .074). There was
a significant positive correlation between the level of cir-
culating total IgE and the presence of IgE bound in vitro
to the surface of dendritic cells that had previously been
treated with lactic acid (r = 0.366, P = .030).

DISCUSSION

To explore how FcεRI expression by dendritic cells
may be regulated in vivo in allergic asthma, we have inves-
tigated the expression of FcεRI by peripheral blood den-
dritic cells from healthy and atopic asthmatic subjects. It
was found that after lactic acid stripping of any receptor-
bound IgE, peripheral blood dendritic cells from healthy
and atopic asthmatic subjects express FcεRI at similar fre-
quencies and surface densities. In the absence of acid treat-
ment, the occupancy of the receptor by endogenous IgE
was found to be higher in atopic asthmatic subjects. Fur-
thermore, after acid stripping, only FcεRI+ dendritic cells
from atopic asthmatic subjects could bind exogenous IgE
in vitro. Thus dendritic cells in the peripheral blood of
healthy and atopic asthmatic subjects differ with respect to
their capacity to bind IgE by means of FcεRI rather than
their levels of FcεRI expression.

To avoid purification of dendritic cells that comprise
less than 1% of peripheral blood leukocytes,15 flow
cytometry has been used to identify dendritic cells and
monitor their receptor expression. Dendritic cells were
identified as HLA-DR bright cells that did not express
the lineage markers CD3, CD14, CD16, CD20, and
CD56. The expression of FcεRI by cells fulfilling these
criteria was investigated by using mAb 15.1, which is
specific for FcεRI α. Because this antibody can only rec-
ognize FcεRI α in the absence of bound IgE (unoccupied
FcεRI), to determine the total levels of FcεRI expression,
it was necessary to strip any endogenously bound IgE
from the receptor by means of incubation in lactic
acid–buffered saline solution for 5 minutes before anti-
body labeling. In all donors this approach consistently
led to either enhanced or unchanged detection of FcεRI
α by mAb 15.1. Acid stripping did not cause a decrease
in detectable FcεRI α, as would be predicted if the recep-
tor itself was being removed by the treatment. This sup-
ports the applicability of staining acid-stripped cells with
mAb 15.1 to estimate total FcεRI α expression. Further
support comes from our current studies, in which levels
of FcεRI α detected with mAb 15.1 after acid stripping
reach those seen with mAb 22E7, which detects receptor
irrespective of its occupancy by IgE (data not shown).

A striking finding of the current study is that after
acid stripping, there was no significant difference in
FcεRI expression on peripheral blood dendritic cells
from healthy subjects or atopic subjects with mild asth-
ma. Substantial numbers of dendritic cells from the
blood of both subject groups expressed cell surface
FcεRI (60.73% ± 6.7% for healthy nonatopic subjects
compared with 51.79% ± 5.5% for atopic subjects with
mild asthma) at densities within the second log decade
of fluorescence intensity (26.74 ± 5.9 for healthy
nonatopic subjects compared with 21.82 ± 4.8 for atopic
subjects with mild asthma). This is in contrast to the air-
ways, in which atopic asthmatic subjects have an
increased number of FcεRI+ dendritic cells compared
with the situation in healthy subjects.11 This suggests
that in asthmatic subjects either FcεRI+ dendritic cells
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FIG 5. FcεRI expression and IgE binding by dendritic cells in healthy and atopic asthmatic subjects. A, Total
FcεRI expression on dendritic cells from 10 healthy (NN) and 10 atopic asthmatic subjects with mild disease
(AAmild) was measured, as shown in Fig 2, A. There was no significant difference in cell surface FcεRI
expression by dendritic cells from the 2 subject groups with respect to either the percentage of dendritic
cells positive for FcεRI (P = .318) or the density of receptor on the cell surface (MFI, P = .527). B, Comparing
FcεRI expression on dendritic cells from 10 asthmatic subjects with mild disease (AAmild) versus 5 with
moderate disease (AAmod), there was a significant increase in total FcεRI expression with disease severity,
in terms of both the percentage of dendritic cells expressing the receptor (P = .036) and its density of
expression (P = .013). *P < .05. C, As a measure of the occupancy of FcεRI by endogenous IgE, the ratio of
total FcεRI expression minus unoccupied receptor divided by the total levels of FcεRI for both percentage
and MFI was calculated for 10 nonatopic nonasthmatic subjects (NN) and 10 atopic asthmatic subjects
(AAmild). There was a highly significant increase (P < .01) in in vivo–bound IgE on dendritic cells from atopic
asthmatic subjects with mild disease compared with that in healthy subjects, which was true whether the
ratio had been calculated with percentage values (P < .001) or MFI values (P = .005).

A

B
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are preferentially recruited from the peripheral blood
into the lung or mediators within the environment of the
atopic asthmatic lung act locally to upregulate expres-
sion of the receptor on dendritic cells.

FcεRI expression on mast cells has been linked to lev-
els of serum total IgE16; therefore, a correlation was
sought between levels of circulating total IgE and the
expression of FcεRI on peripheral blood dendritic cells.
Although the atopic asthmatic subjects used in this study
had significantly higher levels of plasma total IgE than
healthy subjects, an increase associated significantly
with atopy rather than with asthma, no correlation was
found between plasma IgE and the expression of total or
unoccupied FcεRI on dendritic cells. However, by using
an indirect measure of FcεRI occupancy in vivo, the
amount of occupied FcεRI on dendritic cells did corre-
late with total IgE levels, as shown previously for
basophils and monocytes.17

That total FcεRI expression by peripheral blood den-
dritic cells does not differ significantly between healthy
and atopic subjects is in keeping with reports of FcεRI
expression by monocytes presented by Reischl et al.18

However, it contrasts with data from Maurer et al,19 who
found a positive correlation between the amount of
serum total IgE and FcεRI expression by monocytes. The
difference in results among these 3 studies is probably
attributable to the methodologies used. The present study
applied a rapid method that avoided the need for cell
purification and enabled the cells to be kept cool
throughout. Similarly, Reischl et al18 worked preferen-
tially with unfractionated PBMCs. In contrast, Maurer et
al19 used lengthy cell-separation procedures with extend-
ed periods at ambient temperature followed by acid strip-
ping. Because IgE bound to FcεRI stabilizes surface
expression of the receptor,20 leaving acid stripping until

the end of a lengthy protocol could allow the unoccupied
receptor on monocytes from healthy subjects to be down-
regulated, whereas the occupied FcεRI on monocytes
from atopic subjects might be retained.

The present study has extended its observations to
peripheral blood dendritic cells from asthmatic subjects
with moderate disease. FcεRI expression on dendritic
cells from these subjects was higher than that found on
cells from subjects with mild asthma. The levels of unoc-
cupied receptor were also higher in the group with more
severe asthma, although it cannot be ruled out that the
level of in vivo receptor occupancy by IgE between the 2
asthmatic groups was equivalent. Because no difference
in the contribution of atopy or asthma alone to FcεRI
expression on dendritic cells was found, either phenotyp-
ic component could be contributing to the increased total
FcεRI expression seen with increasing disease severity.
Alternatively, the increased receptor expression may be
due to the inhaled corticosteroid treatment the subjects
with more severe disease were receiving. Corticosteroids
may cause an increase in FcεRI expression on dendritic
cells by changing the differentiated state of the cell,21-23

with FcεRI being maximally expressed on immature
dendritic cells.

A major finding of the present work is that despite
expressing FcεRI, dendritic cells from healthy individu-
als fail to bind exogenous IgE in vitro, either before or
after acid stripping. They also carry negligible levels of
in vivo–bound IgE (determined indirectly by the inabili-
ty to detect increased FcεRI immunoreactivity after acid
stripping). When these experiments were performed on
atopic asthmatic subjects, variable levels of occupied
FcεRI were detected on the dendritic cell surface, but
there was also free FcεRI, to which no additional IgE
could be bound in vitro. However, if in vivo–bound IgE

A B
FIG 6. Binding of IgE to FcεRI on dendritic cells before and after treatment with lactic acid. A, Dendritic cells
from healthy subjects (NN) showed no difference in the ability to bind IgE before (ex vivo) and after (in vitro)
treatment with lactic acid to remove surface bound IgE (P = .572). In contrast, cells from atopic asthmatic
subjects with mild disease (AAmild) were shown to bind significantly more IgE in vitro after removal of in
vivo–bound IgE (P = .009). *P < .01. B, After lactic acid treatment, the ability of dendritic cells from all the
subject groups to bind exogenous IgE was compared. Dendritic cells from atopic asthmatic subjects with
mild disease (AAmild) bound significantly more IgE in vitro than those from healthy subjects (NN; P = .005),
and subjects with more severe disease (AAmod) showed a trend for a further increase in the proportion of
dendritic cells able to bind IgE in vitro, although this trend failed to reach significance (P = .102). Dendritic
cells from subjects with either atopy (AN) or asthma (NA) did not differ significantly in their ability to bind
exogenous IgE (P = .074). *P < .01.
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was removed from atopic asthmatic dendritic cells before
in vitro addition of IgE, it was possible for the ligand to
bind to the cell surface. Preincubating peripheral blood
dendritic cells with mAb 15.1 blocked the binding  of
exogenous IgE, showing that IgE binding to dendritic
cells was mediated by FcεRI. Furthermore, dendritic
cells from all subject groups expressed negligible levels
of CD23.

These findings are in contrast to those of another study
of peripheral blood dendritic cells7 in which exogenously
added IgE was found to bind to acid-stripped cells from
both healthy individuals and subjects with atopic dermati-
tis, although as reported here, the FcεRI-dependent IgE-
binding capacity of these cells was again significantly
higher in subjects with atopic disease. Why in the present
study acid-stripped dendritic cells from healthy individu-
als could not bind IgE in vitro is unclear, although differ-
ences in the studies may arise from the use of IgE prepa-
rations, differing, for example, in their glycosylation.

In the current study a significant correlation was found
between plasma IgE levels and the ability of stripped
dendritic cells to rebind IgE in vitro. This relationship,
and the fact that only when dendritic cells had bound IgE
in vivo could they subsequently bind IgE in vitro after
acid stripping, suggests that if IgE is available when
FcεRI first appears at the cell surface, it will bind to and
stabilize the receptor. In the absence of exogenous IgE,
the receptor may rapidly lose the ability to bind IgE, and
the subsequent availability of exogenous IgE cannot
restore IgE-binding ability.

The mechanisms by which FcεRI may lose the capac-
ity to bind IgE are unknown. Secondary molecules may
be preventing the binding of whole IgE molecules. It has
been suggested that the IgE-binding lectin galectin-3 pre-
vents IgE binding to FcεRI on human Langerhans’
cells.24 However, it has since been reported that galectin-
3 is rarely expressed on the cell surface,18,25 and when it
is, the carbohydrate-binding site involved in IgE binding
is required to anchor galectin-3 to the membrane, render-
ing it unavailable for IgE binding (personal communica-
tion from Professor Fu-Tong Liu, La Jolla, Calif). There-
fore the presence of galectin-3 on the surface of dendritic
cells was not tested in this study.

In conclusion, the finding that total FcεRI expression
by peripheral blood dendritic cells neither differs signif-
icantly between healthy and atopic subjects nor corre-
lates with levels of circulating IgE suggests that there is
an IgE-independent regulatory mechanism that controls
overall FcεRI expression by dendritic cells in the blood.
Once a dendritic cell enters the lung, local microenviron-
mental factors may be responsible for the greater expres-
sion of FcεRI reported for dendritic cells in the asthmat-
ic airway.10,11 Similar local systems may operate at other
sites affected by allergic disease (eg, the skin), determin-
ing the high expression of FcεRI by Langerhans’ cells in
atopic dermatitis.26 The second major finding of this
study, namely that the functional competence of the
receptor differs between atopic asthmatic subjects and
healthy subjects, with FcεRI+ peripheral blood dendritic

cells from healthy subjects being unable to bind IgE in
vitro, implies that the ability of dendritic cells to carry
out FcεRI-mediated allergen presentation is governed not
only at the level of receptor surface expression but also
by unknown mechanisms that control the ability of the
receptor to bind IgE. These multiple points of control
need to be considered in any study aimed at targeting
FcεRI on dendritic cells for therapeutic purposes.

We thank Maureen Power (Tenovus Laboratories, Southampton,
United Kingdom) for her kind help with FITC conjugating the
myeloma IgE.

REFERENCES

1. Howarth PH, Durham SR, Lee TH, Kay AB, Church MK, Holgate ST.
Influence of albuterol, cromium sodium, and ipratropium bromide on the
airway and circulating mediator response to allergen bronchial provoca-
tion in asthma. Am Rev Respir Dis 1985;132:986-92.

2. Wenzel SE, Westcott JY, Smith HR, Larsen GP. Spectrum of prostanoid
release after bronchoalveolar challenge in atopic asthmatics and control
groups. Am Rev Respir Dis 1989;139:450-7.

3. Taylor GW, Taylor IK, Black P. Urinary leukotriene E4 after antigen chal-
lenge in atopic asthmatics and control groups. Lancet 1989;1:584-8.

4. Gounni AS, Lamkhioued B, Ochiai K, Tanaka Y, Delaporte E, Capron A,
et al. High-affinity IgE receptor on eosinophils is involved in defence
against parasites. Nature 1994;367:183-6.

5. Stingl G, Maurer D. IgE-mediated allergen presentation via FcεRI on
antigen-presenting cells. Int Arch Allergy Immunol 1997;113:24-9.

6. Maurer D, Ebner C, Reininger B, Fiebiger E, Kraft D, Kinet JP, et al. The
high affinity IgE receptor (FcεRI) mediates IgE-dependent allergen pre-
sentation. J Immunol 1995;154:6285-90.

7. Maurer D, Fiebiger E, Ebner C, Reininger B, Fischer GF, Wichlas S, et
al. Peripheral blood dendritic cells express FcεRI as a complex composed
of FcεRIα- and FcεRIγ-chains and can use this receptor for IgE-mediated
allergen presentation. J Immunol 1996;157:607-16.

8. Maurer D, Reininger B, Ebner C, Rappersberger C, Fiebiger E, Kohrgru-
ber N, et al. FcεRI on dendritic cells can deliver IgE-bound antigens into
a cathepsin S-dependent pathway of MHC class II presentation. J Invest
Dermatol 1997;109:404.

9. Maurer D, Fiebiger E, Reininger B, Ebner C, Petzelbauer P, Shi GP, et al.
Fcε receptor I on dendritic cells delivers IgE-bound multivalent antigens
into a cathepsin S-dependent pathway of MHC class II presentation. J
Immunol 1998;161:2731-9.

10. Semper AE, Hartley JA, Tunon-de-Lara JM, Bradding P, Redington AE,
Church MK, et al. Expression of the high affinity receptor for
immunoglobulin E (IgE) by dendritic cells in normals and asthmatics. In:
Banchereau J, Schmitt D, editors. Dendritic cells in fundamental and
clinical immunology. New York: Plenum Publishing Co; 1995. p. 135-8.

11. Tunon-de-Lara JM, Redington AE, Bradding P, Church MK, Hartley JA,
Semper AE, et al. Dendritic cells in normal and asthmatic airways:
expression of the α subunit of the high affinity immunoglobulin E recep-
tor (FcεRI-α). Clin Exp Allergy 1996;26:648-55.

12. Mygind N, Dahl R, Pedersen S, Thestrup-Pedersen K. Total serum IgE:
an indicator of atopic status and allergy. In: Essential allergy. Oxford:
Blackwell Science; 1986. p. 120-4.

13. Guidelines for standardization of bronchial challenges with (nonspecific)
bronchoconstricting agents. Bull Eur Physiopathol Respir 1983;19:495-514.

14. Pruzansky JJ, Grammer LC, Patterson R, Roberts M. Dissociation of IgE
from receptors on human basophils. J Immunol 1983;131:1949-53.

15. Freudenthal PS, Steinman RM. The distinct surface of human blood den-
dritic cells, as observed after an improved isolation method. Proc Natl
Acad Sci U S A 1990;87:7698-702.

16. Yamaguchi M, Lantz CS, Oettgen HC, Katona IM, Fleming T, Miyajima
I, et al. IgE enhances mouse mast cell FcεRI expression in vitro and in
vivo: evidence for a novel amplification mechanism in IgE-dependent
reactions. J Exp Med 1997;185:663-72.

17. Kon OM, Sihra BS, Grant JA, Kay AB. Expression of high affinity recep-
tors (FcεRI) on peripheral blood basophils, monocytes and eosinophils in
atopic subjects. J Allergy Clin Immunol 1996;97:358.



1018 Holloway, Holgate, and Semper J ALLERGY CLIN IMMUNOL

JUNE 2001

18. Reischl IG, Corvaïa N, Effenberger F, Wolff-Winiski B, Krömer E,
Mudde GC. Function and regulation of FcεRI expression on monocytes
from non-atopic donors. Clin Exp Allergy 1996;26:630-41.

19. Maurer D, Fiebiger E, Reininger B, Wolffwiniski B, Jouvin MH, Kilgus O,
et al. Expression of functional high-affinity immunoglobulin E receptors
(FcεRI) on monocytes of atopic individuals. J Exp Med 1994;179:745-50.

20. Semper AE, Hartley JA, Holgate ST. FcεRI expression by human den-
dritic cells is modulated by the allergic microenvironment. Immunology
1998;95:67.

21. De Jong EC, Vieira PL, Kalinski P, Kapsenberg ML. Corticosteroids
inhibit the production of inflammatory mediators in immature monocyte-
derived DC and induce the development of tolerogenic DC3. J Leukoc
Biol 1999;66:201-4.

22. Holt PG, Thomas JA. Steroids inhibit uptake and/or processing but not pre-
sentation of antigen by airway dendritic cells. Immunology 1997;91:145-50.

23. Matyszak MK, Citterio S, Rescigno M, Ricciardi-Castagnoli P. Differen-
tial effects of corticosteroids during different stages of dendritic cell mat-
uration. Eur J Immunol 2000;30:1233-42.

24. Wollenberg A, de la Salle H, Hanau D, Liu FT, Bieber T. Human ker-
atinocytes release the endogenous β-galactoside-binding soluble lectin
immunoglobulin E (IgE-binding protein) which binds to Langerhans
cells where it modulates their binding capacity for IgE glycoforms. J Exp
Med 1993;178:777-85.

25. Liu FT, Hsu DK, Zuberi RI, Kuwabara I, Chi EY, Henderson WR Jr.
Expression and function of galectin-3, a β-galactoside-binding lectin, in
human monocytes and macrophages. Am J Pathol 1995;147:1016-28.

26. Wollenberg A, Wen SP, Bieber T. Langerhans’ cell phenotyping: a new
tool for differential diagnosis of inflammatory skin diseases. Lancet
1995;346:1626-7.

Bound volumes available to subscribers

Bound volumes of The Journal of Allergy and Clinical Immunology are available to sub-
scribers (only) for the 2001 issues from the Publisher, at a cost of $107.00 for domestic, and
$128.00 for international subscribers for Vol. 107 (January-June) and Vol. 108 (July-December).
Shipping charges are included. Each bound volume contains a subject and author index, and all
advertising is removed. Copies are shipped within 30 days after publication of the last issue in the
volume. The binding is durable buckram with the journal name, volume number, and year
stamped in gold on the spine. Payment must accompany all orders. Contact Mosby, Subscription
Customer Service, 6277 Sea Harbor Dr, Orlando, FL 32887; phone (800) 654-2452 or (407) 345-
4000.

Subscriptions must be in force to qualify. Bound volumes are not available in place of a
regular journal subscription.


