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Background: Expression of receptorsfor IgE (FceR) have been
mainly studied on mast cells and blood basophilsin the context
of allergic disease. Some reports have noted limited expression
of FceR on other leukocytes, including blood monocytes and
eosinophilsin certain patients. An association between human
blood basophil expression of FceRla and serum IgE has been
noted among allergic subjects.

Objective: Recent evidence supportsregulation of FceRla by
free IgE on both mast cells and basophils. We hypothesized that
thisrelationship would exist across an extremely wide range of
IgE levels for human basophils, irrespective of underlying dis-
ease. We further examined whether a similar relationship exist-
ed between serum IgE and FceRla or FceRIl (CD23) expres-
sion on monocytes and eosinophilsin these same subjects.
Methods: Blood was obtained from nonallergic subjects (n = 3)
and subjects with allergic asthma (n = 5), atopic der matitis (n
= 3), hypereosinophilic syndromes (n = 7), hyper-1gE syn-
drome (n = 6), helminth infestation (n = 6), or IgE myeloma (n
=1). Levels of serum IgE were determined by using RIA and
ranged from 3to 4.7 mg/mL. Levels of cell surface FceRla,
FceRIl, and IgE were measured by using immunofluorescence
and flow cytometry.

Results: Basophil surface |gE density and FceRIa expression
correlated with serum IgE levels (r = 0.67 and r = 0.46, respec-
tively; P <.01; n = 31) regardless of the disease state. In con-
trast, monocyte FceRla expression did not correlate with
serum IgE (r = 0.09, P > .5, n = 29), and low-level eosinophil
FceRla expression was only detected in a single asthmatic sub-
ject. CD23 expression was not detected on basophils or
eosinophils, except for the eosinophils from the donor with IgE
myeloma. CD23 was present on monocytes from some donors
but did not correlate with serum IgE levels.

From ahe Department of Medicine, Division of Clinical Immunology, The
Johns Hopkins University School of Medicine, Batimore, and Pthe
National Ingtitutes of Health, Bethesda.

Supported in part by National Institutes of Health grants A142220, A107290,
and A101564; an American Lung Association Research Grant; and a Johns
Hopkins Clinician Scientist Award.

Received for publication Feb 14, 2000; revised May 2, 2000; accepted for
publication May 2, 2000.

Reprint requests: Sarbjit S. Saini, MD, Johns Hopkins Asthma and Allergy
Center, 5501 Hopkins Bayview Circle, Baltimore, MD 21224.

1/1/108431

doi:10.1067/mai.2000.108431

514

Conclusions: In avariety of disease states, FceRla expression by
basophils, but not monocytes or eosinophils, correlated with
serum |gE levels across a 6-log range of IgE. These data support
the concept of in vivo regulation of FceRla on basophils by serum
IgE and further demonstrate that thisisindependent of allergic
disease per se. (J Allergy Clin Immunol 2000;106:514-20.)
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Cell surface receptors specific for IgE couple anti-
body-allergen interactions to cellular responses. The
high-affinity receptor for IgE on mast cells and
basophils, FceRl, is a tetrameric complex composed of
one a subunit, one B subunit, and two y subunits. The a
chain binds monomeric IgE at its third constant
domain,1.2 whereasthe 3 and y chainsareinvolved in sig-
nal transduction by an aggregated complex.3

An association between serum IgE levels and expres-
sion of FceRI on human basophils from alergic subjects
has been known for over 20 years* and was recently con-
firmed.> Several lines of evidence suggest a regulatory
role for IgE in the expression of its high-affinity receptor
on mouse and human mast cells and basophils. Reduc-
tion of circulating free IgE in alergic subjects by infu-
sions of an mAb (E25) directed against the receptor-
binding domain of IgE led to parallel declinesin surface
IgE and FceRla densities on circulating blood
basophils.6 Furthermore, exposure of basophils to IgE,
either in vivo by stopping E25 or in vitro by using myelo-
ma lgE, led to an enhancement of FceRIa expression.” In
vitro, IgE-dependent enhancement of basophil FceRla
requires IgE binding to the high-affinity receptor® and
results in increased protein mass of the a subunit of the
complex.® Thus IgE appears to regulate the levels of
high-affinity receptor expression on human basophils in
vitro and in vivo. Studies with murine mast cells, cord
blood—derived human mast cells, and fetal human liver
mast cells have all shown similar regul ation.10-12

Other cells reported to express FceRI or FceRlI
(CD23) on their surface include monocytes,13.14 L anger-
hans cells, 15 dendritic cells, 16 and possibly eosinophils.17-20
However, FceRI expression appears to be restricted to
certain disease states, such as atopy for blood monocytes
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and Langerhans cells,13.15 and hypereosinophilic syn-
drome (HES) or helminth infection for eosinophils.18-20
These cells aso differ from mast cells and basophils in
that their FceRI exists as a trimeric complex (ay2) lack-
ing the B subunit.13-16 Factors responsible for the regula-
tion of FceRI on these cell types are not known.

In the present study we examined whether IgE or other
disease-specific factors were involved with basophil
FceRla expression. We hypothesized that if IgE regu-
lates expression of its own receptor, then serum IgE lev-
els should determine levels of FceRIl on basophils,
regardless of disease state. Whether there is a similar
relationship between serum IgE and FceRlIl is not clear.
In the present study we have examined the relationship
between serum IgE and surface IgE and FceRla and
FceRII expression for human blood basophils across a 6-
log range of IgE levels, amuch larger range of IgE levels
than previously studied. Furthermore, we have examined
the relationship in the context of 7 diseases or conditions
where other modulating factors might participate in reg-
ulation of FceRI expression. We further examined
whether a similar relationship existed between IgE and
FceRla or FceRIl for circulating monocytes and
eosinophils and have expanded the analyses to include a
wide range of diseases associated with high levels of
eosinophilia and IgE, including nonallergic diseases.

METHODS
Study subjects

A total of 31 subjects participated in the study (12 male and 13
female subjects, 6 unidentified to preserve anonymity; agerange, 17-
70 years, mean age, 41 years). Subjectsincluded nonallergic subjects
(negative skin test responses and no clinical symptoms of rhinitis,
asthma, or eczema) and those with alergic asthma (AA; positive
skin test responses and a history of asthma symptoms and demon-
strated reversible obstruction, a positive methacholine challenge
result, or both), those with atopic dermatitis (AD; diagnosed by the
criteria of Hanifin and Rajka2l), those with HES (either as idiopath-
ic HES,22 eosinophilic gastroenteritis,23 or a member of a familial
hypereosinophilic cohort24), those with hyper-IgE syndrome (HIE;
characterized by abscesses, pneumonia, and elevated IgE?5), para-
sitized hosts (active infection by Loa loa or Filaria species), or those
with IgE myeloma. After informed consent, subjects agreed to par-
ticipate in the study by a protocol of blood donation approved by the
Johns Hopkins Bayview Institutional Review Board (nonallergic
subjects and subjects with AA, AD, HES, and IgE myeloma). Sub-
jects with familial HES, HIE, and actively parasitized hosts were
referred from ongoing study protocols at the National Institutes of
Health. Samples obtained at the National Institutes of Health were
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kept on ice and immediately transported by a messenger. Despite the
transport time (always <3 hours), no difference was noted in leuko-
cyte markers in samples subjected to immediate or delayed isolation
and analysis at Johns Hopkins (data not shown).

Buffers

Piperazine-N,N’ -bis-2-ethanesulfonic acid (PIPES) obtained
from Sigma Chemical Co (St Louis, Mo) was used in a stock buffer
composed of 25 mmol/L PIPES containing 110 mmol/L NaCl, 5
mmol/L KCI, and 40 mmol/L NaOH, adjusted to pH 7.4. PAG
buffer consisted of PIPES buffer containing 0.003% human serum
albumin (Miles Laboratories Inc, Elkhart, Ind) and 0.1% glucose.

Leukocyte enrichment

Mononuclear cells (basophils, lymphocytes, and monocytes)
were enriched from 30 mL of venous blood treated with EDTA by
using a Percoll-based density gradient centrifugation technique, as
previously described.26 Basophil purity ranged from 1% to 10%
(4.2% = 0.4%, n = 31, mean = SEM), as enumerated by Alcian blue
staining and light microscopic counts.2? Total cell counts and viabil-
ity (98.8% + 0.14%, n = 21, mean + SEM) were determined by using
light microscopy and erythrosin B dye exclusion. Eosinophils (puri-
ty range, 6%-88%; 34.0% + 5.5%, n = 23, mean + SEM) were
obtained from granulocyte pellets of the same Percoll gradients after
brief hypotonic lysis of red blood cells, as previousy performed.28

Flow cytometry

Mononuclear or granulocyte specimens were labeled for direct
and indirect dual-color immunofluorescence and flow cytometry in
the presence of 4 mg/mL human IgG to minimize nonspecific bind-
ing to FcyR, as previoudy described.6 For each leukocyte subset, both
light-scatter characteristics and specific surface markers were used
for analysis (anti-IgE for basophils, CD14 for monocytes, CD9 for
eosinophils, and CD19 for B cells). Antibodies used for these studies
included an irrelevant mouse 1gG; control (Coulter-lmmunotech,
Hiaeah, Fla), FITC-conjugated polyclonal goat anti-human IgE and
its control FITC-conjugated normal goat 1gG (Kirkegaard and Perry,
Gaithersburg, Md), FITC-conjugated mouse anti-human CD14
(MY 4, 1gG2b; Coulter-lmmunotech), FITC-conjugated mouse anti-
human CD9 (MM2/57, 1gG2b; RDI, Pleasant Hill, NJ), FITC-conju-
gated irrelevant mouse 19gG, (Biosource, Camarillo, Calif), mouse
anti-human FceRla subunit (22E7, 1gG, binding unaffected by
FceRI occupancy, kindly provided by J. Kochan, Roche Pharmaceu-
ticals, NJ9), mouse anti-FceRIl (CD23, 9P25, 1gG1; Coulter-
Immunotech), and phycoerythrin (PE)-conjugated polyclonal goat
anti-mouse |g (Biosource) as a secondary reagent. For monocyte and
eosinophil experiments, leukocytes were first incubated with asingle
primary antibody (FceRI, CD23, or irrelevant 1gG) followed by the
secondary PE-conjugated goat anti-mouse |g. After washing, the cells
were next incubated for 15 minutes with a 10-fold excess of mouse
19G (Sigma) to saturate open sites on the goat anti-mouse PE-conju-
gated secondary antibody before the addition of leukocyte-specific
conjugated antibodies (either FITC CD14 or FITC CDY).30-33 Sam-
ples were analyzed by using a Coulter EPICS Profile |1 flow cytome-
ter with appropriate compensation. Identical photomultiplier tube set-
tings were used for each sample, and the flow cytometer was fully
aligned and cdibrated with fluorospheres daily. At least 5000 events
per experimental condition were counted. All leukocyte sampleswere
examined for surface marker expression the same day as venipunc-
ture. Data were expressed as net mean fluorescence intensity (MFI;
sample MFI minus MFI of the irrelevant 1gG contral).

We have previously determined the limits of receptor detection
with flow cytometry for basophils (1%-2% purity) to be 5000 recep-
tors per cell34 and, by extrapolation, that for eosinophil preparations
(purity >5% purity) to be greater than 3000 receptors per cell.
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TABLE I. Subject characteristics
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Subject Age (y) Sex Diagnosis Serum IgE (ng/mL) Total eosinophil count (cells/dL)
1 30 F Nonallergic 3 ND
2 53 F Nonallergic 4 ND
3 32 M Nonallergic 29 ND
4 24 M AA 1115 ND
5 44 F AA 145 ND
6 26 F AA 451 ND
7 39 F AA 2469 ND
8 69 M AA 130 520
9 NA F AD 2628 ND

10 NA M AD 4715 ND
11 40 F AD 13,884 900
12 60 M Lymphatic filariasis 792 1800
13 21 F Loasis 48,696 10,400
14 28 M Loasis 5359 1410
15 26 F Loasis 108 120
16 27 M Loasis 3218 4396
17 27 F Loasis 638 5274
18 40 M Eosinophilic gastroenteritis 534 1600*
19 66 F IHES 30,840 3100
20 17 F IHES 31 6390
21 74 M FHES 10 4270
22 25 F FHES <12 2360
23 56 M FHES 29 5292
24 46 M IHES 394 2566
25 NA NA HIE 985 ND
26 NA NA HIE 33,470 ND
27 NA NA HIE 38,861 ND
28 NA NA HIE 15,490 ND
29 NA NA HIE 184t ND
30 NA NA HIE 28,834 ND
31 70 M IgE myeloma 4.7 x 106 ND

IHES, Idiopathic HES; FHES, familial HES?4; NA, not available; ND, not determined.

*Taking prednisone at the time of blood draw.

tPreviously elevated serum IgE with recent decline, as described in certain subjects with HIE.25

In previously published studies the flow cytometric measure-
ments were calibrated by examining the fluorescence staining of 6
donors' basophils that spanned a moderate range of staining inten-
sities (7-120 fluorescent units or 8000 to 140,000 FceRI per
basophil) and simultaneously assessing receptor or IgE density by
the acetate elution method, as previously described.9:35 22E7 stain-
ing compared with total FceRI density by acetate elution was linear
with a slope of 0.00084 (ie, a fluorescent measurement of 100 rep-
resents approximately 120,000 receptors) with an R value of 0.963.

Measurement of serum IgE and lactic acid
elution of IgE

Serum samples were collected separately but simultaneously
with whole blood for leukocyte phenotyping and analyzed by RIA
for total serum IgE levels.36

In some samples to determine whether high serum IgE levels
potentially interfered with labeling and detection of FceRla, we
examined mononuclear cells before and after IgE removal. For
removal of IgE, mononuclear pellets were resuspended in ice-cold
lactic acid buffer (pH 3.7) and incubated in an ice bath for 3 to 5
minutes, as previously described.8 After incubation, cold PAG was
added, and cells were allowed to equilibrate for 10 minutes before
centrifugation and labeling for flow cytometry. Effective basophil
IgE stripping was examined by surface labeling with FITC anti-
human IgE of separate cell aliquots at each step of the protocol.

Statistical methods

All values are means + SD unless otherwise noted. Correlations
were calculated by using simple regression analysis.

RESULTS
Clinical characteristics of subjects

A total of 31 subjects participated in the study (Table
). Serum IgE levels ranged from 3 to 4.7 mg/mL. Group
means for serum IgE by disease category were as fol-
lows. nonalergic subjects, 12 ng/mL (n = 3); subjects
with AA, 862 ng/mL (n = 5); subjects with AD, 7076
ng/mL (n = 3); subjects with HES, 4550 ng/mL (n = 7);
subjects with HIE, 19,637 ng/mL (n = 6); and helminth-
infested hosts, 9802 ng/mL (n = 6). Eosinophil counts
were measured in al subjects with HES and helminth
infestation, with group means of 3654 cells/dL and 3900
cells/dL, respectively.

IgE, FceRla, and FceRIl surface expression

Basophil surface IgE and FceRla densities were mea-
sured and correlated with serum levels of IgE. As previ-
oudly observed in atopic subjects, a significant correlation
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FIG 1. A, Levels of basophil cell surface expression of IgE as measured by labeling with FITC-conjugated
goat anti-human IgE antibodies and flow cytometry (r=0.67, P < .0001, n = 31). B, Levels of basophil sur-
face expression of FceRla as measured by labeling with mAb 22E7 and flow cytometry expressed relative
to a subject’s log serum IgE value. Note the low expression by certain subjects with HIE (r=0.46, P=.009,
n = 31). C and D, Disease-specific means of basophil surface IgE and FceRla intensity expressed relative to

group mean serum IgE levels.

between surface IgE and serum IgE was observed (r = 0.67,
P <.0001; Fig 1, A). Regarding basophil surface FceRlIa,
expression was detectable among dl subject groups, with a
range of 10 to 777 MFI units (which trandates to a range
of 8000-930,000 basophil surface receptors) and an overall
mean of 211 + 219 MFI units (n = 31). A significant corre-
lation with serum IgE levels was seen across the 6-log
range of IgE (r = 0.46, P = .006, n = 31; Fig 1, B). Analy-
sis by disease group reveded that mean basophil surface
IgE and FceRla density were closely related to mean
serum IgE levelsin each category (r = 0.95 for both; Fig 1,
C and D). Unexpectedly, certain subjects with HIE demon-
strated low FceRIa intensity despite high levels of surface
IgE binding (compare HIE; Fig 1, Ato B). To explore this,
basophils of subsequent subjects with HIE (subjects 28-30)
were examined by using flow cytometry before and after
remova of surface-bound IgE (Fig 2). In the case of sub-
ject 28 with HIE, no change in mAb 22E7 labeling was
noted after removal of IgE, whereas increased levels of
mAD 22E7 |abeling were seen with subjects 29 and 30 with
HIE after IgE stripping, suggesting that in some subjects
there was interference with mAb 22E7 binding.

In contrast to basophils, monocyte FceRla expression
was not a universal finding among donors. Eight of 29

subjects had detectable surface FceRla expression (range,
1.5-13.7 net MFl units; mean, 5.1 MFl units). In every
case monocyte expression was at least 5- to 194-fold
lower (average, 93-fold lower) than for basophils in the
same subject. FceRla expression did not correlate with
levels of serum IgE (Fig 3, A). Although the numbers of
alergic subjects were small, 2 of 3 subjects with AD and
2 of 5 subjects with AA expressed significant levels of
FceRla. Among other disease categories, one of 6 sub-
jects with HIE (subject 28) had a positive test result and
in fact had the highest level of monocyte FceRIa expres-
sion that was seen. The remaining subjects with positive
test results included one of 6 parasitized host donors and
2 of 7 HES donors. Questionable detection (net MFI, >0.1
but <1.0) was seen in atotal of 11 subjects (1 nonallergic
subject, 1 subject with AA, 1 subject with AD, 4 para
sitized hosts, 2 subjects with HES, 1 subject with HIE,
and 1 subject with IgE myeloma), but no correlation was
seen with levels of serum IgE. Clear eosinophil FceRla
was detected on cells from one asthmatic subject (net
MFI, 1.2; data not shown), whereas questionable expres-
sion (net MFI, >0.1 but <1.0) was seen in 6 of 28 subjects
tested (1 subject with AA, 2 parasitized hosts, 2 subjects
with HES, and 1 subject with IgE myeloma).
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FIG 3. A, Expression of FceRla by monocytes from various subjects as measured by surface labeling with
mAb 22E7. Expression was most commonly seen among subjects with atopic diseases and yet was absent
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Fig 1. B, Expression of CD23 by monocyte donors.
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Some monocyte donors had detectable CD23 staining,
but again, expression did not correlate to serum IgE lev-
els. In terms of disease states, 2 of 4 subjects with AA
and one of 7 HES donors had low-level CD23 staining
(mean, 1.1; Fig 3, B). Expression was negative in 21
donors, with questionable expression (net MFI, >0.1 but
<1.0) observed in 5 donors (1 subject with AD, 2 para-
sitized hosts, 1 subject with HIE, and 1 subject with IgE
myeloma). As expected, CD23 was not detected on
basophils of any of the 31 subjects tested, whereas only
the subject with IgE myeloma had detectable eosinophil
CD23 expression (net MF, 3.1; data not shown). As a
positive control for CD23, CD19* B cellsanalyzed in the
same mononuclear cell preparations were found to have
readily detectable CD23 (data not shown).

DISCUSSION

We have found that basophil IgE and FceRla expres-
sion correlates to serum IgE in avariety of disease states,
extending the previous observation of such arelationship
beyond atopic individuals. The two prior studies by
Malveaux et a4 and Sihra et al> focused on normal or
atopic donors without the diversity in disease statesin the
present study. Furthermore, our inclusion of serum IgE
levels from quantities in nanograms per milliliter to mil-
ligrams per milliliter encompasses a much wider range of
this Ig (Fig 1, A). The scatter of data points around the
log-linear regression line was somewhat greater than
expected. For example, looking at the band of data
around 1 pg/mL serum IgE, there was a 10-fold range of
receptor densities. In previous studies the range was
more restricted (~4-fold). This degree of scatter suggests
that there may be other factors than IgE that contribute to
the expression of FceRla. However, whatever these fac-
tors may be, they were not manifested in specific disease
states because the data points for each disease examined
fell on asimilar regression line (Fig 1, C and D). Thelog-
linear relationship from the current studies was similar to
those in the Malveaux studies. For example, by using our
current data set, an IgE level of 100 ng/mL would predict
150,000 to 170,000 receptors per basophil, whereas the
Malveaux data set would predict 200,000 receptors. The
relationship between IgE and FceRI expression across
the different diseases that were part of this study provides
further support for the IgE concentration being the
strongest determinant of FceRI expression.

In contrast to the basophil, FceRlIa expression on
monocytes was more restricted among disease states than
for basophils. Surface expression was most common in
alergic donors (4 of 8 donors), as previously reported,13
followed by hypereosinophilic subjects. We found no cor-
relation between levels of monocyte FceRIa and serum
IgE across diseases or among our atopic donors, athough
such a relationship has been described for monocytes of
atopic subjects.> Levels of monocyte FceRla expression
were nearly 2 logs lower than corresponding basophilsfor
a given subject. An explanation for this difference may
relate to the altered composition of the FceRI complex on

Saini et al 519

monocytes, which lack the 3 subunit. Given the limited
range of FceRI expression within a particular disease
state, other regulatory factors and a functional role for
FceRI expression remain unknown.

In our hands eosinophils lacked surface FceRla in all
but one of 31 subjects tested. This is consistent with the
levels of expression observed by most groups.519.20.37 Fur-
thermore, unlike previous publications,8 we failed to
observe detectable eosinophil FceRla in disease states
associated with significant eosinophilia and elevations of
IgE, such as helminth infestation and HES. Although we
were limited to loasis among parasitic diseases, it is not
unreasonable to expect a similar relationship among other
parasitic diseases given therange in IgE levels and disease
states in the present study. Functionally, FceRI has been
proposed to promote eosinophil host defense from para
sites, but recent findings failed to demonstrate eosinophil
activation or degranulation by binding of FceRI.20

An unexpected observation was the possible interfer-
ence of mAb 22E7 labeling of basophils from some sub-
jects with HIE. An explanation for this finding is not
clear; however, subjects with HIE have been described to
have altered IgE metabolism,38 IgE production,3® and
varied IgE glycoforms,40 which in theory may ater epi-
topes or accessibility for mAb 22E7 binding to FceRla.
To our knowledge, thisis thefirst such report of interfer-
ence by IgE when using 22E7 to detect FceRla. Previous
studies have otherwise demonstrated time and again that
bound IgE does not normally interfere with the ability of
22E7 to detect occupied receptors.

Finally, expression of FceRIl (CD23) was restricted to
monocytes, but it was not present on al monocytes. Despite
the fact that IL-4 has been shown to induce CD23 expres-
sion on monocytes in vitro,4142 no clear association
between the atopic state and monocyte CD23 expression
was observed. Although two FceRIl isoforms (FceRlla and
FceRlIb) have been reported, they share structural and anti-
genic identity in their C-termina extracellular regions.43
The absence of CD23 surface expression on eosinophils
among our subjects is consistent with other groups by using
the same antibody clone, aswell asother anti-CD23 isoform
antibodies.2044 However, permeabilized eosinophils have
been shown to express a significant intracellular pool of
FceRl| that issimilar to B-cell FceRII and rapidly mobilized
on eosinophil stimulation.#4 Thus the lack of a correlation
between CD23 expression and circulating IgE levels is not
readily explained by technical issues or FceRll isoforms.

Taken together, our study confirms and extends to a
broader patient population previous analyses demonstrat-
ing that serum IgE positively correlates with surface lev-
els of IgE and FceRI in human basophils. This does not
hold for other cell types or for FceRlI, suggesting that
other factors are involved in the regulation of these
receptors on these other cell types.

We thank Dr LisaBeck for providing access to subjectswith AD
and Dr Tom Nutman for assistance in access to selected donors. We
also thank Melissa Law for her help with both HES and parasitized
host donors.
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