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express messenger RNA for the a, p, and 
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Background: Blood eosinophils from hypereosinophilic donors 
were previously reported to possess the functional high-aflinity 
IgE receptor (FcsRI), so providing a potential mechanism to 
account for eosinophil degranulation in atopic allergic disease. 
Furthermore, tissue eosinophils from allergic tissue reactions 
were shown to be mRNA+ for the a, 0, and y subunits of FcsRI 
and gave positive immunostaining with an anti-Fc&I-a anti- 
body. Recent studies, however, revealed negative surface stain- 
ing on peripheral blood eosinophils, but intracellular F&U-a 
protein was identified by Western blot analysis. 
Objective: Our purpose was to examine on peripheral blood 
eosinophils from atopic subjects (1) surface expression and 
mRNA for F&U-u, (2) up-regulation of F&U-a by allergy- 
associated tissue factors, and (3) F&U-a-dependent release of 
eosinophil peroxidase (EPO). 
Methods: We measured (1) FcERI mRNA expression by in situ 
hybridization, (2) FcERI-a by flow cytometry and immunocy- 
tochemistry (with use of nonpermeabilized and permeabiliied 
cells), and (3) FcsRI-a-dependent release of EPO. 
Results: Eosinophils from atopic donors had negligible surface 
expression of FcERI-IX, which was not enhanced by culture 
with IgE, IL-3, IL-4, IL-S, GM-CSF, or fibronectin or cocul- 
ture with libroblasts. Permeabilixation, however, revealed 
appreciable intracellular staining for F&U-a. The majority of 
eosinophils were mRNA+ for the a, j3, and y subunits of Fc&RI. 
Small but significant (P = .03) increases in cx chain mRNA 
expression were observed after coculture of eosinophils with 
fibroblasts but not with IgE, IL-4, or libronectin. Cross-linking 
of FcERI on the surface of eosinophils from atopic donors did 
not lead to detectable EPO release. 
Conclusion: Human blood eosinophils express negligible, non- 

Fmm the aDepa~menf of Allergy and Clinical Immunology, Imperial College 
School of Medicine. National Heart and Lung Institute. London. United 
Kingdom, and the bDepartment of Pharmacology. School of Pharmacy, 

Hebrew University-Hadassah Medical School. Jerusalem, Israel. 
Supported by the Aimwell Charitable Trusr. S. J. S. is a recipient of the Isaac 

and Myma Kaye Tnvelling Fellowship (Imperial College School of Med- 
icine. London, United Kingdom, and the Hebrew University. Jerusalem. 
Israel). 

Received for publication Aug 20. 1999; revised Ott IX. 1999: accepted for 
publication Ott 20. 1999. 

Reprim requesls: A. B. Kay. MD, Allergy and Clinical Immunology. Imperi- 
al College School of Medicine, National Heart nnd Lung Institute. Dove- 
house Slreet. London, SW3 6LY. United Kingom. 

Copyright 0 2030 by Moshy, Inc. 
009 I -6749/2000 $12.00 + 0 l/l/103826 

functional membrane F&U-a but have intracellular FcaRI-a 
protein and mRNA expression for the a, p, and y subunits. 
(J Allergy Clin 1mmunol2ooO,105:30-17.) 
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Over the years there has been considerable debate 
regarding the presence and function of the eosinophil 
membrane-bound high-affinity IgE receptor (FceRI). A 
functional surface FceRI would provide eosinophils with 
a mechanism of degranulation because deposition of 
granule-derived basic proteins is a characteristic feature 
of allergic tissue reactions. Previous studies reported that 
human eosinophils from hypereosinophilic disorders 
possessed functional FceRLr FceRI-a immunoreactive 
eosinophils were also observed in bronchial biopsy spec- 
imens from asthmatic patients at baseline,2 in bron- 
choalveolar lavage fluid (BAL) after segmental allergen 
challenge.3 and in allergen-induced rhinitis.4 Further- 
more, human tissue eosinophils from allergen-induced 
late-phase skin reactions expressed messenger RNA 
(mRNA) for the IX, p, and y subunits of FcERI and gave 
positive immunostaining with anti-FceRI-a antibod- 
ies.5,6 However, eosinophils from the peripheral blood of 
atopic patients had negligible specific mean fluorescence 
(srnf) for FceRI-a, compared with blood basophils and 
monocyteq7 although soluble intracellular FceRI-a has 
been detected by immunoprecipitation and Western blot 
analysis.8 

In the current study we have attempted to show that 
blood eosinophils express mRNA for the a, p, and y sub- 
units of FceRI, confirming our previous findings on tis- 
sue eosinophils from human atopic skin.5~6 We have also 
determined whether expression of mRNA for the sub- 
units of FceRl or surface expression of FceRI-a could be 
modulated by incubation with IL-3, IL-5, and GM-CSF 
as well as IgE, fibronectin, and coculture with fibro- 
blasts. We have also confirmed and extended the obser- 
vations of intracellular Fc&RI-a with use of flow cytom- 
etry of permeabilized cells as well as direct visualization 
of cytospins with use of immunocytochemistry. Finally, 
because Kita et a19 recently reported that eosinophils did 
not release either leukotriene C4 or superoxide anion 
when incubated with either human IgE or antihuman IgE 
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Abbreviations used . 

APAAP: Alkaline phosphatase antialkaline phosphatase 
BAL: Bronchoalveolar lavage 

cDNA: Complementary DNA 
EPO: Eosinophil pemxidase 

FcERI: High-affinity IgE receptor 

ISH: In situ hybridization 
mfi: Mean fluorescence intensity 

mRNA: Messenger RNA 
PI: Propidium iodide 

smf: Specific mean fluorescence 

antibodies, we investigated whether eosinophils could be 
triggered to release an eosinophil granule protein, 
eosinophil peroxidase (EPO), by cross-linking FceRI-a. 

METHODS 
Eosinophil purification and culture 

Eosinophils were purified from the peripheral blood of atopic 
subjects, as previously described, with use of a combination of den- 
sity gradient centrifugation and immunoselection.‘n The eosino- 

phils were >98% pure, as determined by staining with Kimura. and 
>97% viable, as determined by trypan blue and propidium iodide 
(PI) dye exclusion. Cells were cultured (I x 106 mL-1) for 20 hours 

in RPM1 containing 2 mmol/L L-glutamine, 100 U mL-t penicillin, 
and 100 lg mL-t streptomycin and supplemented with 10% heat- 
inactivated FCS (Sigma-Aldrich, Dorset, United Kingdom). Culture 
media were supplemented with IgE (IO pg mL-I), IL-4 (2.5 ng 

mL-t) (R & D Systems, Oxfordshire. United Kingdom), or plasma 
Iibronectin (100 1.18 mL-1) (Sigma-Aldrich). or the eosinophils were 
cocultured with either human lung (MRC-5) or human foreskin 

(HS27) fibroblasts (0.5 x IO6 mL-I). which were obtained from 
ECACC, Porton Down, Uniled Kingdom. 

Preparation of cytospins for 
immunocytochemistry and in situ 
hybridization 

Cytospins for immunocytochemistry and in situ hybridization 
were prepared with use of either freshly purified eosinophils or 

eosinophils that had been cultured for 20 hours. Cytospins were 
made on Polysine microscope slides (BDH, Essex, United King- 
dom) with a Shandon 2 Cytospin (Shandon Southern Instruments, 
Cheshire, United Kingdom). The eosinophils were resuspended in 

PBS at a concentration of I x lo6 cells mL-t and 100 pL of cell sus- 
pension was used per slide and centrifuged on the slide for 3 min- 
utes at 400 revolutionslmin. 

For immunocytochemistry, the cytospins were air dried at room 
temperature overnight and then frozen at -20°C before staining. For 
in situ hybridization (ISH), the cytospins were air dried for 30 min- 

utes, fixed in 4% paraformaldehyde (BDH) in PBS pH 7.4 for IO 
minutes, washed with 15% sucrose in PBS, pH 7.4 (Sigma- 
Aldrich), for IO minutes, dried at 37°C overnight, and then stored 

-70°C. 

In situ hybridization 
The complementary DNA (cDNA) fragments encoding FceRI-a 

(bp 25-936). p (bp 43-802). and y (bp 55-475) subunits were kind- 
ly provided by Dr J-P Kinet (Molecular Allergy and Immunology 

Section, National Institute of Allergy and Infectious Diseases, 
Rockville, Md). These cDNA fragments of FceR subunits were 

J ALLERGY CLIN IMMUNOL 
FEBRUARY 2000 

inserted into the appropriale vectors (pGEM) (Promega, Southamp- 

ton. United Kingdom) and linearized to produce antiscnse and sense 
riboprobes. Sulfur 35-labeled riboprobes were prepared with SP6 
or ‘I7 RNA polymerases (Promega) to generate antiscnse or sense 
probes. respectively. The permeabilization, prehybridization, and 

ISH protocols were as described previously.‘.“.” The slides were 
counted blind in a coded random order by 2 observers, with a vari- 
ation of less than 5% between the counts obtained. The binding ot 

riboprobes to the cells was estimated by a modification of the 
method of Borghi et al.tl The numbers of silver grains associated 
with each cell were counted and the data classitied into 5 groups 
dependent on the numbers of associated silver grains: group I. 5 to 

IO; group 2, I I to 20; group 3, 21 to 30: group 4, 31 to 40; and 
group 5, Al. A minimum of 100 cells in each sample was counted 
if possible; in the small number of samples with fewer cells present, 
all cells were counted. A weighted meant3 was calculated as fol- 

lows: 

X([Group number] x n[cells in group]) 

5 

This method has the advantage that cells expressing very high 
levels of mRNA, above which the silver grains cannot be counted 

accurately. may still be included within the analysis. This was par- 
ticularly important for the y subunit, which was expressed by all 
cells at high intensity. These weighted means were then compared 

by the Mann-Whitney U test to assess whether different culture con- 
ditions affected the expression of any of the FceRI subunits. 

Monoclonal antibodies 
Murine mAb 22E7 was a kind gift of Drs R. Chizzonite and J. P. 

Kochan, Hoffman La Roche, Nutley, NJ,t4 and 384 was a kind gift 
from Professor H. Gould, King’s College, London, United King- 

dom; like 22E7. this antibody also recognizes a region on human 
FceRl-a that is not competitive with IgE. 

Flow cytometry 
FceRI-a surface expression on eosinophils was determined with 

FITC-labeled 2287 as described.’ The eosinophils were washed 

with PBS containing 0.5% BSA and 0.1% azide and resuspended at 
a concentration of I x I06 mL-t. One hundred microliters of cell 
suspension was incubated with IO pL of 100 pg mL-t of FITC- 

labeled 22E7 or FITC-labeled mouse IgGl for 20 minutes at room 
temperature. The cells were washed with PBS containing 0.5% 
BSA and 0. I % azide and resuspended in 50 l.tL of Isoton-II and I50 
pL of PI solution at 50 I,tg mL-t (Beckman Coulter) and then stored 

for I5 minutes at 4°C before acquisition on the flow cytometer. 
The eosinophils were analyzed on a Coulter Epics Elite flow 

cytometer. Nonviable eosinophils (as denoted by positive PI stain- 

ing) were omitted from analyses to exclude any staining that may be 
the result of intracellular FceRI-a given increased membrane per- 
meability of nonviable cells. 

Determination of intracellular FceRI-a. by flow cytometry, was 
performed on purified eosinophils, as previously described.‘” 

lmmunocytochemistry 
Cytospins were stained with use of the alkaline phosphatase-antial- 

kahne phosphatase (APAAP) method. The slides were brought to room 

temperature and fixed in 4% paraformaldehyde in PBS, pH 7.4. for IO 
minutes and washed in 15% sucrose in PBS, pH 7.4, for IO minutes. 
The cytospins were then stained with either 2287 or 3B4 at IO pg 
mL-1. Rabbit antimouse Ig and APAAP were purchased from Dako. 

Briefly, the slides were incubated with the primary mAbs (both 
used at IO l.tg mL-1) in PBS containing 0. I % saponin and 2% nor- 
mal human serum overnight at room temperature. After the slides 
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were washed in PBS, they were treated with rabbit antimouse IgG 
( I :30) for 30 minutes and then APAAP (I :30) for 30 minutes. An 

isotype-matched (mouse IgGI) mAb of irrelevant specificity and 
omission of primary layer antibodies were included as negative con- 
trols. Positive cells stained red after development with Fast Red 
(Sigma-Aldrich). 

Basophil histamine release assays 
The basophil histamine release assay was performed by spectro- 

lluorimetry as described prcviously.te The percentage of histamine 
release for each control and test substance was calculated from the 
mean histamine release (in nanograms per milliliter) with the fol- 

lowing equation: 

Percent release = ([Sample - Spontaneous]/[Total - 
Spontaneous]) x 100 

Eosinophil peroxidase release 
For the EPO assay Maxisorp Microtitre plates (Gibco Life Tech- 

nologies, Renfrewshire, United Kingdom) were coated with 100 pL 
of either human IgA (Sigma-Aldrich) or F(ab’& fragments of 2287 
or F(ab’), fragments of an IgGl control antibody (ICN Biologicals. 
Buckinghamshire, United Kingdom). The antibody fragments were 

resuspended in PBS (0.01 mol/L. pH 7.4). The antibodies were 
incubated on the plates overnight at 4°C. The plates were then 
washed 3 times with PBS and then blocked for I hour at room tem- 

perature with PBS containing 5% FCS. The plates were subse- 
quently washed with RPM1 containing IO% FCS. Eosinophils, 
resuspended at a concentration of 2 x IO6 ml-l in RPM1 containing 

10% FCS. were added to the wells. 250 pL per well, and incubated 
for 3 hours at 37°C. The supematants were assayed for EPO spec- 
trofluorimetrically as described by White et al.” 

Statistical analysis 
Statistical analyses were performed with a statistical package 

(Minitab for Windows. Minitab Release 9.2, Minitab, State College, 
Pa). Nonparametric statistics were used throughout the study. The 
Mann-Whitney U test was used for intergroup comparisons. 

RESULTS 

Highly purified human peripheral blood eosinophils 
from atopic donors (>98% purity) expressed mRNA 
for the a, B, and y subunits of FceRI (Table I and Fig I). 
The percentages (mean + SEM) of eosinophils express- 
ing mRNA were a chain (68.8 + 2.2), p chain (77.8 f 
3.2). and y chain (81.1 + 4.7). After culture of eosin- 
ophils for 20 hours with IgE, IL-4, and fibronectin, 
there were no significant differences in mRNA expres- 
sion. However, coculture with HS27 fibroblasts, but 
not combinations of IgE, IL-4, fibronectin, and tibro- 
blasts, resulted in a small but significant up-regulation 
of a-chain expression (P = .03) (Fig 2). Expression of 
the p and y chains was not significantly affected by any 
of these conditions. 

There was negligible surface expression of FceRI-a 
on human blood eosinophils, confirming previous work.’ 
However, after permeabilization with saponin there was 
an increase in fluorescence with all preparations of 
eosinophils studied stained by 22E7 (n = 6), smf (medi- 
an and range) 0.81 (0.41-I .OO) compared with surface 
FceRI-a expression 0.11 (0. IO-O. 12) (Figs 3 and 4). 
Clear immunostaining with anti-FceRI-a antibodies 

(22E7 and 3B4) was also observed with permeabilized, 
but not with unpermeabilized, peripheral blood eosin- 
ophil cytospins (Fig 5). 

Surface expression of FceRI-a was not enhanced after 
incubation for 20 hours with IgE, IL-4, fibronectin, or 
HS27 (Fig 6) or MRC-5 fibroblasts (data not shown). 
The smf of the eosinophils stained with FITC-labeled 
22E7, whether freshly isolated (data not shown) or after 
20 hours in culture with various supplements (Fig 6). was 
very low (smf always ~0.5, typically -0.2) compared 
with basophils (smf -50-I 10). Similarly, IL-3, IL-5, and 
GM-CSF did not cause up-regulation of surface expres- 
sion of FceRI-a, whereas a marked increase in smf of the 
eosinophil activation marker CD69 was observed (Fig 7). 

When eosinophils were incubated on wells coated 
with F(ab’)z antibody fragments of 22E7, there was no 
detectable release of EPO (ie. <0.3 pg mL-t of EPO/lOe 
cells). In contrast. IgA-stimulated eosinophils released 
an average of 6.31 pg mL-t of EP0/106 cells (n = 6) 
when incubated on wells coated with 20 pg n&-t human 
IgA (Fig 8). Basophils released up to 56% of their total 
histamine (Fig 8) when incubated in suspension with 
F(ab’), fragments of 22E7. Under these culture condi- 
tions (ie, cells in suspension) there was no detectable 
release of EPO from purified blood eosinophils. 

DISCUSSION 

In this report we have demonstrated that eosinophils 
have intracellular stores of FceRI-a by both flow cytom- 
etry and immunocytochemistry. With use of these tech- 
niques we have shown direct localization of this receptor 
to the eosinophil, which is not possible with the tech- 
nique of Western blotting, as previously reported.8 Fur- 
thermore, comparison of the fluorescence intensity of 
basophils and permeabilized eosinophils that have been 
incubated with a flurochrome-labeled anti-FceRI-a anti- 
body and analyzed by flow cytometry, indicates that the 
intracellular stores of FceRI-a in eosinophils are consid- 
erably less ( I%-2%) than those expressed on the surface 
of basophils. We also demonstrate that the majority of 
blood eosinophils express mRNA for FceRI-a, p. and y 
subunits. Coculture of the eosinophils with fibroblasts 
significantly up-regulated mRNA FceRI-a expression. 
However, there was no significant up-regulation of 
FceRI-a on the surface of the eosinophils under the same 
culture conditions, so therefore we conclude that the 
allergy-associated factors, which cause up-regulation of 
FceRI-a on mast cells and basophils, do not enhance 
receptor expression on eosinophils. Although we could 
not enhance the expression of FceRI-a, we still attempt- 
ed to determine whether the membrane-bound receptor 
was functional. By the use of an antibody against FceRI- 
a to directly cross-link the receptor, we were unable to 
detect EPO release. Thus we show by direct methods that 
FceRI-a is present in negligible levels on the surface of 
peripheral blood eosinophils from atopic subjects, 
although there are intracellular stores, and that this recep- 
tor is nonfunctional in terms of EPO release. 
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FIG 1. ISH of purified eosinophils. mRNA for the 3 subunits of Fee-RI were detected with antisense cDNA ribo- 
probes for the n, p, and y chains (A, C, and D. respectively). B, Corresponding sense control for n chain. 

TABLE I. Percentage of eosinophils expressing mRNA 
transcripts for 3 subunits (a., p, and y) of human Fc~i?l 

Subject No. n B Y 

I 69.2 x5.3 x7.7 
z 7x.3 x7.1 93.2 
3 61.7 81.7 70.5 
-l 66.1 71.X 71.3 
5 69.0 70. I 70.x 
6 07.6 70.3 Y3.2 
Mean ? SEM 6X.X * 7.2 77.x lr 3.7 XI.1 k-l.7 

Eorinophilr acre cirhcr Ircshly purilicd Iwh.ject\ I ;md 7) or c~~l~urcd 111 
RPM1 umminiq! IO’:; FCS Il~r 10 hour\ (whjcct\ i t,, 61. Rawly\ WC 
c\prc\\cd a\ mean k SEM. 

Previous studies indicated that there was negligible 
surface expression of FceRI on eosinophils compared 
with monocytes and basophils in llow cytometry with 
use of either a competitive ( 15-I ) or noncompetitive 
(22E7) mAb to FcERI-a7 However. eosinophils intiltrat- 
ing allergen-induced late-phase cutaneous reactions in 
human atopic subjects were mRNA+ for the a. p. and y 
chains of Fc~R1.5 Furthermore. the FceRI-a protein coio- 
calized to approximately 50%~ to 80% of eosinophils at 
all the time points studied (6. 24. and 4X hours). It was 

unclear. however. whether immunoreactivity with the 
anti-a chain antibodies on fixed tissue sections reflected 
surface or intracellular cx chain protein. To address this 
question, we have used peripheral blood eosinophils 
from atopic donors ( I ) to determine whether mRNA for 
the a. p. and y subunits are present in circulating cells 
and (2) to compare surface with intracellular immunore- 
activity with use of anti-FceRI-a antibodies. Thus we 
confirmed that blood eosinophils. like tissue eosinophils. 
express mRNA for the 3 subunits (Table I and Fig I ). 
Attempts to modify mRNA expression by culturing in 
IgE. IL-4. fibronectin. or fibroblasts revealed a small but 
significant increase in a chain expression by coculture 
with fibroblasts. The biologic significance of this obser- 
vation is uncertain but might suggest limited capacity to 
up-regulate a chain mRNA expression in a tissue envi- 
ronment. We were unable however, to confirm the find- 
ing of Terada et al.lX who observed that blood 
eosinophils from subjects with atopic rhinitis expressed 
mRNA for FceRl-a. but not the protein. and that this was 
up-regulated by incubation with IL-4. 

We confirmed our previous flow cytometry data. 
which indicated that human eosinophils have extremely 
low surface expression of Fc~Rl.7 Similar findings have 
recently been reported by Kita et aI.” who also found 
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FIG 2. mRNA expression for 3 FccRI subunits, a, p, and y, on eosinophils cultured for 20 hours under different 
conditions (see Methods for details). Combination of reagents included coculture of eosinophils with human 
foreskin fibroblasts (HS27) in medium supplemented with both IgE (10 ~g ml-‘) and IL-4 (2.5 ng mL-1). 

IgGl 

5o 1 
Non-permeabilized 

22E7 

Permeabilized 

0 10’ 

FIG 3. Example of flow cytometry of permeabilized and nonper- 
meabilized peripheral blood eosinophils stained with anti-FWRI-a. 
Purified, freshly isolated eosinophils were stained with 22E7 or 
IgGl isotype control and detected with phycoerythrin-labeled 
goat antimouse IgG. 

minimal amounts of surface expression of FceRl. Fur- 
thermore, Seminario et aIs have found little or no cell 
surface IgE or high-affkity IgE receptors, as analyzed by 
immunofluorescence and flow cytometry. These investi- 

1.1 

1.0 
1 

8 
0.9 

9 0.8 
Fi 
g 0.7 

g 0.6 I 
0 

0 

0 

0-I 
I I 

Non-permeabilized Permeabibzed 

FIG 4. Flow cytometry of permeabilized and nonpermeabilized 
peripheral blood eosinophils. Results are expressed as smf of 
22E7, which is calculated as the difference between mean fluo- 
rescence intensity (mfi) of IgGl control and mfi of 22E7. Mean smf 
of nonpermeabilized eosinophils was 0.123 compared with 0.771 
for permeabilized cells (P= ,005). 

gators also observed that culture of eosinophils for up to 
11 days in the presence, or absence, of IgE or IL-4 (con- 
ditions that enhanced FCER on other cells)l9*20 failed to 
induce any detectable surface FceR on eosinophils. 
Again, we have confirmed these findings by incubating 
cells for shorter periods of time (ie, 20 hours) with IgE 
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FIG 5. lmmunocytochemistry of permeabilized and nonpermeabilized eosinophils. Peripheral blood 
eosinophil cytospins stained with IgGl control or 22E7 without (A and B) and with (C and D) saponin perme- 
abilization. Staining of a single cell having morphologic appearances of a basophil is observed In nonperme- 
abilized staining with 22E7 preparation (6). In contrast, after permeabilization with saponin, eosinophils are 
clearly staining with 22E7 (D) but not with IgGl control (C). 

Eosinophils Basophils 

0.01 J r I I I 1 - 
Medium IgE IL-4 F’nectin skin lung Freshly 

only HS27 MRC-5 isolated 
F’hlasts F’hlasts 

FIG 6. Expression of LT subunit of FceRl on eosinophils under differing culture conditions (see Methods for 
details) compared with freshly isolated basophils. 



J ALLERGY CLIN IMMUNOL 
VOLUME 105. NUMBER 2. PART 1 

Smith et al 315 

10.0 

8.0 

6.0 

4.0 
8 
5 2.0 
:: 
g 0 

2 
c 
2 
E 10.0 

G 

1 CD69 8 

0 

0 

0 

: i 
lP . 

I I I I 
Freshly medium IL-3 IL-5 GM-CSF 
purified only 

1 FcdU-a 
‘G 8.0 
& 
w 6.0 I 

4.0 

2.0 
I 

00 
Freshly medium IL-3 IL-S GM-CSF 
purified only 

FIG 7. Effect of IL-3, IL-5 and GM-CSF on surface expression of eosinophils that were cultured for 20 hours in 
presence of 10 ng mL-1 of either IL-3, IL-5 or GM-CSF compared with culture in medium alone (RPM1 con- 
taining 10% FCS) and freshly isolated. Ceils were stained with FITC-labeled 22E7 or FITC-labeled IgGl isotype 
control. Results are expressed as smf of 22E7, which is calculated as difference between mfi of IgGl control 
and mfi of 22E7. 
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FIG 8. Histamine release from basophils and EPO release from eosinophils. Eosinophils were incubated in 
microtiter plates coated with either human IgA (open circles) or Ftab’), fragments of 22E7 (closed circles), n 
= 6. Histamine release from PBMCs containing basophils incubated with F(ab’), fragments of 22E7 (open 
squares) or IgGl (open trianglesl, n = 5. 
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and IL-4 and with tissue elements including fibronectin 
or fibroblasts. Thus attempts to mimic tissue conditions 
do not appear to increase cell surface expression of 
FceRI. However, expression of Fc&RI-a protein could 
readily be detected by the use of permeabilized cells 
with either flow cytometry (Figs 3 and 4) or immunohis- 
tochemistry (Fig 5). This confirms our previous work in 
which FceRI-a was detectable on cytospins from 
eosinophils from BAL cells obtained after allergen chal- 
lenge.3 In the current study we show that permeabiliza- 
tion of human blood eosinophil cytospins was necessary 
for positive eosinophil staining with 22E7, whereas pre- 
viously BAL cells did not require permeabilization. This 
may simply reflect greater fragility of the BAL cells in 
respect of penetration of the antibody. Thus we have con- 
fumed the findings of Seminario et als on intracellular 
expression of FceRI-a by human eosinophils. These 
workers used immunoprecipitation and Western blot 
analysis of eosinophil lysates with an mAb specific for 
FceRI-a, whereas we used both flow cytometry of per- 
meabilized cells as well as the direct approach of 
immunocytochemistry. 

A previous report indicated that FcERI on eosinophils 
was functional in terms of killing parasitic 1arvae.r How- 
ever, Kita et ala found that IgE neither bound to nor acti- 
vated eosinophils from patients with allergic diseases. Our 
current work confirms the findings of Kita et al in respect 
to nonfunctional surface FceRI-a. Thus F(ab’)z anti- 
FceRI-a antibody fragments did not release detectable 
amounts of EPO from eosinophils, although it did induce 
dose-dependent histamine release from basophils. Never- 
theless, appreciable EPO release was observed from 
peripheral blood eosinophils with use of IgA-coated wells 
as the stimulus. 

In summary, eosinophils express mRNA for the a, p, 
and y subunits of FceRI. Although there was negligible 
surface expression of FceRI-a, there was clear intracel- 
lular staining of permeabilized cells, as shown both by 
flow cytometry and immunocytochemistry. The signifi- 
cance of intracellular FceRI-a is uncertain. One possibil- 
ity is that it may regulate the biologic effect of IgE by 
binding and neutralizing its action, although this is spec- 
ulative and requires confirmation. One way to reconcile 
the observation of lack of surface FceRI with that of the 
previous study by Soussi-Gouni et all is to conclude that 
eosinophils from atopic individuals are substantially dif- 
ferent from eosinophils in the hypereosinophilic disor- 
ders. Because blood and tissue eosinophils, even from 
atopic subjects, express mRNA for the 3 subunits of 
FceRI, there may be posttranslational mechanisms pres- 
ent in rare eosinophilic disorders that are not observed 
with eosinophils in allergic disease. Nevertheless, our 
data suggest that FcERI is unlikely to be important in 
eosinophil degranulation in atopic allergic disease, 
although we cannot exclude the possibility that tissue 
eosinophils, as opposed to blood eosinophils, have func- 
tional FceRI. 
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