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Mast cells express the high affinity receptor for IgE
(Fc�RI). Aggregation of this receptor by IgE and antigen
leads to a signaling cascade resulting in the secretion of
histamine, in the synthesis of other pro-inflammatory
mediators such as leukotrienes and prostaglandins, and
in the production of various cytokines, all of which par-
ticipate in the development of the allergic reaction. In
the last years, growing evidence accumulated that bind-
ing of IgEs to Fc�RI in itself induces active signals lead-
ing to mast cell survival, increased expression of Fc�RI,
transient induction of histidine decarboxylase synthe-
sis, and increased cell adhesion. The mechanisms under-
lying monomeric IgE signaling in the absence of recep-
tor aggregation are still poorly understood. Here, we
show that a protein of 28 kDa (p28) is physically and
constitutively associated with Fc�RI in mast cells. Co-
immunoprecipitation studies from 125I surface-labeled
cells demonstrated that this association involves at least
50% of membrane-expressed Fc�RI. After the addition of
monomeric IgE to the cells, the p28�Fc�RI complex dis-
sociates almost completely in less than 2 min. This dis-
sociation is temperature-sensitive and is not due to the
recruitment of additional proteins to the complex. Strip-
ping bound IgE from the cells by acidic treatment pro-
motes a rapid reassociation between p28 and Fc�RI.
Altogether, these data are consistent with a conforma-
tional regulation of the complex. Thus, p28 is a sensor
for Fc�RI occupation by IgE on mast cells, and its disso-
ciation from the receptor could represent an early step
of monomeric IgE signaling.

Mast cells are now recognized as important players in innate
and adaptive immunity (1). Indeed mast cells have the capacity
to phagocytose bacteria (2) and to internalize antigen through
fluid phase (3), to recruit immunocompetent cells (4), to mi-
grate to lymph nodes (5), and to activate lymphocytes both
specifically through antigen presentation and nonspecifically
(6, 7).

In addition to these physiologic roles, mast cells are involved
in allergic reactions. They express the high affinity receptor for
IgE (Fc�RI), a tetrameric receptor composed of an ���2 complex
(8). The � chain is responsible for the high affinity binding of
IgE (KD � 10�9 to 10�10 M), which represents the sensitization
step, whereas the � and �2 subunits are involved in signal
transduction (9). Aggregation of this receptor by IgE and anti-
gen leads to a signaling cascade that involves kinases, phos-
phatases, G proteins, and calcium mobilization (9). This results

in the secretion of histamine, in the synthesis of other pro-
inflammatory mediators such as leukotrienes and prostaglan-
dins, and in the production of various cytokines, all of which
participate in the development of the allergic reaction and of
innate inflammatory responses to invading pathogens.

Constitutive associations between a fraction of Fc�RI and
various signaling molecules have been reported. These signal-
ing effectors include the tyrosine kinases Lyn (10) and Fyn (11),
the tyrosine phosphatase SHP-2 (12), and the serine/threonine
kinase protein kinase C� (13), all of which show increased
association after receptor aggregation. Other effectors, such as
the tyrosine kinase Syk, are recruited to the aggregated and
tyrosine-phosphorylated receptor after stimulation (14–17).

Until recently, an opinion prevailed that cell sensitization by
IgE is a passive step that does not lead to any cell activation
signal, whereas IgE-dependent cell stimulation would be
achieved only after Fc�RI aggregation by the antigen in the
presence of its specific IgE. However, in the last years, growing
evidence accumulated that binding of IgE to Fc�RI in itself in-
duces active signals leading to increased expression of Fc�RI
(18–21), mast cell survival (22, 23), transient induction of histi-
dine decarboxylase synthesis (24), and increased cell adhesion
(25). The mechanisms involved in these signals are poorly under-
stood. Indeed, whereas some authors have reported that mono-
meric IgEs are capable of inducing significant receptor phospho-
rylation, synthesis of cytokines, and protection of Bcl-XL from
degradation (23), others found no such signaling events (22),
although both groups agreed that monomeric IgEs induce mast
cell survival through binding to Fc�RI (22, 23). Therefore, the
critical question of the mechanisms leading from monomeric IgEs
binding to cell activation is still an unresolved controversy.

Here, we show that a protein of 28 kDa (p28) is physically
and constitutively associated with a majority of membrane-
expressed Fc�RI in the absence of IgEs in the RBL-2H3 mast
cell line. After binding of monomeric IgEs, p28 dissociates very
rapidly from Fc�RI. These data were confirmed in nontumoral
rat bone marrow-derived mast cells. Further, we provide indi-
rect evidence that this association/dissociation mechanism is
regulated by the conformational state of the receptor. Thus,
p28 is a sensor of Fc�RI occupation by IgEs, and its dissociation
from the receptor could represent an early step of the mono-
meric IgE signaling.

EXPERIMENTAL PROCEDURES

Antibodies and Reagents—Monoclonal anti-rat phospholipid scram-
blase (rPLSCR)1 antibody 129.2, monoclonal anti-rPLSCR and anti-p28
antibody 17.3, and monoclonal anti-Fc�RI� antibody 30.9 have been
produced in the laboratory as described (26, 27). Anti-Fc�RI� mono-
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clonal antibody BC4 was kindly provided by Dr. R. P. Siraganian
(National Institutes of Health, Bethesda, MD) (28). Rabbit polyclonal
anti-Fc�RI� antibody was kindly provided by Dr. U. Blank (Institut
Pasteur, Paris, France). Murine dinitrophenyl-specific clone SPE-7 IgE,
horseradish peroxidase-conjugated antibodies to mouse IgG Fc, and
horseradish peroxidase-conjugated protein A were from Sigma-Aldrich.
Murine dinitrophenyl-specific clone DNP-48 IgE (29) was kindly pro-
vided by Dr. R. P. Siraganian (National Institutes of Health) and
produced as described (30). For monomeric IgE DNP-48 preparation,
IgE was diluted in phosphate-buffered saline, filtered, and separated by
gel filtration through an S-200 SuperdexTM column (Amersham Bio-
sciences) connected to an HPLC ÄKTA-Basic automated liquid chroma-
tography system (Amersham Biosciences). Murine dinitrophenyl-spe-
cific clone 26.82 IgE was kindly provided by Dr. F.-T. Liu (La Jolla
Institute for Allergy and Immunology, San Diego, CA) (30).

Cell culture medium (Dulbecco’s modified Eagle’s medium), fetal calf
serum and other culture reagents were from Invitrogen. Triton X-100,
SDS, bovine serum albumin, proteases, and phosphatases inhibitors
(leupeptin and aprotinin, NaF, and Na3VO4) were from Sigma-Aldrich.

Cells and Cell Sensitization—The rat basophilic leukemia mast cell
line RBL-2H3 (31) was cultured as an adherent monolayer in Dulbecco’s
modified Eagle’s medium with Glutamax, without sodium pyruvate,
supplemented with 10% fetal calf serum, streptomycin, and penicillin.
In sensitization experiments, the cells were washed twice in 37 °C
Hanks’ buffer saline solution supplemented with 50 mM Tris-HCl, pH
7.2, and 0.1% bovine serum albumin (HBT pH 7.2), and incubated at
37 °C in the same medium for the time indicated with or without IgE.

For rat bone marrow-derived mast cells, femurs and tibias from
Wistar rats (6–13 weeks old) were flushed, and myeloid cells were
cultured for 3 weeks in RPMI 1640 medium supplemented with 10
ng/ml recombinant rat IL-3� (Peprotech, Rocky Hill, NJ), 20% fetal calf
serum, 50 �M 2-mercaptoethanol, nonessential amino acids, streptomy-
cin, and penicillin. Over 90% cells were positive for Fc�RI by fluores-
cence-activated cell sorter analysis.

Cell Lysis, Immunoprecipitation, and Immunoblotting—Sensitized
or unsensitized cells were washed twice with ice-cold phosphate-buff-
ered saline solution and lysed in 200 �l of lysis buffer per million cells
(50 mM HEPES or Tris-HCl, pH 7.2, 50 mM NaCl, 50 mM NaF, 1 mM

Na3VO4, 1% Triton X-100, 0.1% SDS, 10 �g/ml aprotinin, and 10 �g/ml
leupeptin) for 10 min on ice. Then the cells were scraped, and the
soluble cell lysates were recovered after centrifugation at 14,000 � g for
10 min at 4 °C.

For immunoprecipitation, the cell lysates were incubated for 2 h at
4 °C on a rotating wheel with the indicated antibodies directly coupled
to Sepharose-4B beads prepared following the manufacturer’s instruc-
tions (Amersham Biosciences) for mAbs 17.3, 129.2, BC4, and 30.9 and
for mouse serum IgG. In some instances, effluent proteins were sub-
jected to a second round of immunoprecipitation as described above. In
all cases after immunoprecipitation, the beads were washed six times in
lysis buffer, and the proteins were eluted by boiling in Laemmli sample
buffer (32). The proteins were resolved by SDS-PAGE in 10% or 12%
polyacrylamide gels and electrophoretically transferred to Immobilon
polyvinylidene difluoride membranes (Millipore, Bedford, MA). The
polyvinylidene difluoride membranes were blocked in 4% bovine serum
albumin in Tris-buffered saline solution containing 0.05% Tween 20.
The membranes were then successively probed with the desired pri-
mary antibody and an appropriate secondary horseradish peroxidase-
conjugated antibody in the same buffer and visualized by enhanced
chemoluminescence and exposure to X-Omat films (Eastman Kodak
Co.).

Dissociation of IgE from RBL-2H3 Cells—Bound IgEs were removed
from sensitized RBL-2H3 cells as described before (33). Briefly, the cells
were sensitized as described above. After sensitization, the cells were
washed twice in HBT pH 7.2, then washed twice in HBT pH 6.0, washed
once more in 50 mM glycine, pH 2.9, containing 150 mM NaCl, and
incubated in the same buffer for 4 min. Then the cells were washed
again in HBT pH 6.0, followed by HBT pH 7.2. After incubation in HBT
pH 7.2 for various time lengths, the cells were washed with ice-cold
phosphate-buffered saline and lysed in the lysis buffer.

Iodine Cell Surface Labeling and Quantification of Fc�RI�—Twenty
million RBL-2H3 cells were surface-labeled with Na-125I (1 mCi; Am-
ersham Biosciences) using the lactoperoxidase method. After labeling,
the cells were lysed, and immunoprecipitations with mAbs 17.3, BC4,
and 30.9 and with irrelevant mouse IgG were performed on lysates from
5 � 106 cells each. After 2 h of immunoprecipitation, the effluents were
subjected to a second round of immunoprecipitation with mAb BC4-
coupled beads to collect the residual Fc�RI�. The first and second
immunoprecipitations were washed six times in lysis buffer and eluted

by boiling in Laemmli’s sample buffer. After resolution by SDS-PAGE,
autoradiographies were performed with BioMax MR-1 films (Eastman
Kodak Co.). Some gels were electrophoretically transferred onto poly-
vinylidene difluoride membranes and blotted with mAb 30.9, as de-
scribed above, to examine the presence of Fc�RI�. After autoradiogra-
phy, Fc�RI� gel spots were cut, and the radioactivity was counted in a
� counter. For each experimental point, 100% corresponds to the addi-
tion of Fc�RI� counts recovered in the two rounds of immunoprecipita-
tions. The percentage of Fc�RI� precipitated in each first round is
calculated by comparison with the corresponding 100%.

All surface-expressed rat Fc�RI� are associated with Fc�RI� (8).
Therefore, Fc�RI� recovered in anti-Fc�RI� immunoprecipitation is a
marker of the efficiency of co-immunoprecipitation of Fc�RI� with re-
ceptor-associated proteins in our stringent experimental conditions.
Thus, additional calculations were made taking Fc�RI� co-precipitated
with anti-Fc�RI� as a new 100% to obtain a corrected value for Fc�RI�
co-precipitated with mAb 17.3.

Statistical Analysis—The results of Fig. 5B were analyzed by inde-
pendent sample two-tailed Student’s test. The results are presented as
the means � S.D. (*, p � 0.003; **, p � 0.0005; NS, not significant).

RESULTS

Fc�RI Is Constitutively Associated with a 28-kDa Protein—As
we described in a previous report, two monoclonal antibodies,
129.2 and 17.3, recognize the rPLSCR (26). Phospholipid
scramblase activity results in a redistribution of phospholipids
between the two leaflets of the plasma membrane when cells
are activated or enter apoptosis (34, 35). The rPLSCR is ty-
rosine-phosphorylated after Fc�RI engagement (26). Reassess-
ment of the specificity of the anti-rPLSCR antibodies confirmed
that both mAbs 129.2 and 17.3 bind the 37-kDa rPLSCR.
However, it appeared that mAb 17.3 recognizes by immunopre-
cipitation (IP) and immunoblotting (IB) an additional protein of
28 kDa (p28) (Fig. 1).

Our initial aim was to determine whether rPLSCR was phys-
ically associated with Fc�RI. To that end, immunoprecipita-
tions with mAb 17.3 or mAb 129.2 (IP 17.3 or IP 129.2) were
carried out on RBL-2H3 cell lysates under stringent conditions
(lysis buffer containing 1% Triton X-100 and 0.1% SDS). Im-
munoblots revealed the presence of the Fc�RI� chain in mAb
17.3, but not in mAb 129.2, immunoprecipitates. This was not
due to direct interaction between mAb 17.3 and Fc�RI�, be-
cause mAb 17.3 did not bind Fc�RI� by immunoblotting nor
immunoprecipitated it when lysates depleted of both p28 and
rPLSCR were used (data not shown). These observations indi-
cated that Fc�RI� was co-precipitated by virtue of an associa-
tion with either p28 or rPLSCR. To determine which of these
two proteins was involved in this interaction, the cell lysates
were first depleted of rPLSCR by an IP 129.2. Fc�RI� was still
recovered in 17.3 immunoprecipitates from these depleted ly-

FIG. 1. p28, but not rPLSCR, is constitutively associated with
the Fc�RI�. Upper panel, lane 1, rPLSCR and p28 immunoprecipitated
by mAb 17.3. Lane 2, rPLSCR immunoprecipitated by mAb 129.2. Lane
3, the effluent of the lane 2, depleted of rPLSCR, was subjected to a
second round of immunoprecipitation with mAb 17.3. Lane 4, immuno-
precipitation with monoclonal IgE DNP-48 beads. IPs are analyzed by
17.3 IB. Lower panel, same samples as in upper panel but immuno-
blotted with a polyclonal anti-Fc�RI�. The gel was 12% polyacrylamide.
This experiment is representative of three.
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sates (Fig. 1), suggesting an association between p28 and
Fc�RI. To confirm this association, the Fc�RI was purified by
immunoprecipitation with IgE-coupled beads. p28, but not
rPLSCR, was recovered together with Fc�RI� (Fig. 1) and
Fc�RI� (data not shown) in the immunoprecipitated material.
Therefore, p28 is part of a complex that includes Fc�RI� and
Fc�RI�. In the figures that will follow, although rPLSCR is
present in each IP 17.3, it will not be represented to allow for a
better comprehension.

To examine whether p28 was associated with the complete
���2 Fc�RI complex, the membrane proteins of RBL-2H3 cells
were radiolabeled with 125I. Immunoprecipitations with mAb
17.3, anti-Fc�RI� chain mAb BC4, anti-Fc�RI� chain mAb 30.9,
and control IgG were performed. Radiolabeled material co-
migrating with Fc�RI� in SDS-PAGE (as seen with mAb BC4
immunoprecipitates) was recovered together with Fc�RI� in
mAb 17.3 and mAb 30.9, but not IgG, immunoprecipitates (Fig.
2). Therefore, p28 is constitutively associated with membrane-
expressed Fc�RI complex. No other radiolabeled protein was
detected in the immunoprecipitates. More precisely, no band
corresponding to p28 was observed, suggesting that this pro-
tein did not contain an extended extracellular domain that
could be radiolabeled with iodine and that its association with
Fc�RI took place in the transmembrane or in the intracellular

compartment. To determine the fraction of Fc�RI that was
associated with p28, the effluent of each immunoprecipitation
was subjected to a second round of immunoprecipitation with
anti-Fc�RI� mAb BC4, and the recovered radiolabeled Fc�RI�

chain was counted in a � counter. The total counts recovered in
each set of two successive immunoprecipitations were compa-
rable with one another. Calculations indicated that 43% of
membrane Fc�RI� had been recovered in mAb 17.3 immuno-
precipitates (Fig. 2). 77% of Fc�RI� were co-immunoprecipi-
tated with Fc�RI�. Because every membrane-expressed Fc�RI�

chain is associated with Fc�RI� (8, 9), the latter data show that
under our stringent experimental conditions, no more than
77% of the � chain was co-immunoprecipitable with a protein
that is constitutively associated with it. Taking this value as
the 100% and correcting the data to take into account this
parameter, gave an estimate of 54% of membrane Fc�RI� that
were associated with p28. Under the same conditions, no
Fc�RI� chain was detectable after an IP 129.2 (data not
shown), and less than 0.5% was detectable after an IP per-
formed with mouse irrelevant IgG as a negative control (Fig. 2).
In another experiment, the calculated percentages of Fc�RI�

co-immunoprecipitated with p28 were of 37 and 46%, before
and after correction, respectively. Therefore, despite our strin-
gent experimental conditions, nearly 50% of membrane Fc�RI
were found to be constitutively associated with p28.

p28 Dissociates from Fc�RI after IgE Binding on Its Recep-
tor—The association between p28 and Fc�RI after Fc�RI sen-
sitization was examined next. RBL-2H3 cells were incubated
with different concentrations of the monoclonal IgE DNP-48.
As shown in Fig. 3 (A and B), the association between p28 and
the Fc�RI was abolished after sensitization with IgE in a dose-
dependent manner. At 1 �g/ml of IgE, the association was
strongly reduced, and at 10 �g/ml of IgE, the association was
barely detectable. An identical dissociation was induced by the
anti-Fc�RI� mAb BC4 (data not shown). These data indicate
that the association of p28 with the receptor is dependent of the
occupation state of the Fc�RI at the cell surface. When RBL-
2H3 cells were sensitized with an ascitis dilution titrated to
less than 0.5 �g/ml of anti-DNP IgE, no detectable dissociation
of the complex was observed (data not shown). Under these
conditions, when RBL-2H3 cells were stimulated with antigen
(dinitraphenyl-coupled human serum albumin), 80% of �-hex-
osaminidase were released, and the association remained iden-
tical to that observed after or before sensitization alone (data
not shown). Therefore, the association between p28 and Fc�RI
is not significantly modulated by the IgE-induced activation of
the cell. In sensitization time course with 10 �g/ml IgE, the
dissociation was detected in less than 30 s and complete within
2 min after the addition of IgE (Fig. 3, C and D). Therefore, this
dissociation is an early event following IgE binding to Fc�RI.

The p28�Fc�RI Dissociation Is Not Due to the Recruitment of
Competing Effectors—To examine whether the IgE-induced
dissociation was temperature-sensitive in the cells, sensitiza-
tion experiments were performed on RBL-2H3 cells at 4 and
37 °C (Fig. 4). At 37 °C, the IgE-induced dissociation was com-
plete as shown above, whereas at 4 °C a significant proportion
of this association was still detected. To examine whether the
recruitment of another protein to the complex was responsible
for the temperature sensitivity of the IgE-induced p28 dissoci-
ation from Fc�RI, a series of experiments was performed next.
The p28�Fc�RI complex was immunoprecipitated with mAb
17.3, and after washings, the beads were incubated for 5 min at
4 or 37 °C in the presence or absence of 15 �g/ml of IgE (Fig.
5A). Under these conditions, the dissociation occurred at 37 °C
but not at 4 °C. The fraction of eluted Fc�RI from eight separate
experiments was quantified through Fc�RI� with National In-

FIG. 2. More than 50% of the membrane-expressed Fc�RI are
associated with p28. A, autoradiography of the surface expressed
125I-iodinated proteins precipitated or co-precipitated with the mono-
clonal antibodies indicated (lanes 1–3, where BC4 is an anti-Fc�RI� and
30.9, an anti-Fc�RI�) and with mouse irrelevant polyclonal IgG (lane 4).
B, anti-Fc�RI� immunoblot (mAb 30.9) analysis of the samples ana-
lyzed in A. C, effluents of the immunoprecipitations analyzed in A and
B were subjected to immunoprecipitation with the anti-Fc�RI� mAb
BC4 and resolved in SDS-PAGE, and the gel was autoradiographed. D,
anti-Fc�RI� immunoblot analysis of the samples of C. All of the gels
were 12% polyacrylamide. E, quantitative analysis of the immunopre-
cipitations. The bands corresponding to iodinated Fc�RI� were counted
in a � counter. For each lane, the 100% is the addition of counts
recovered in A and C. The percentage of Fc�RI� precipitated in each
lane of A is indicated and determined by comparison with the corre-
sponding 100%. The numbers in parentheses represent the corrected
values, taking the values obtained with anti-Fc�RI� immunoprecipita-
tion (lane 3) as a new 100%.
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stitutes of Health Image software (version 1.62) (Fig. 5B).
Whereas less than 20% of Fc�RI� was dissociated by IgE at
4 °C, over 80% were eluted by IgE at 37 °C (p � 0.0005).
Altogether, these data demonstrate that the association/disso-
ciation is temperature-sensitive and explain why p28 can be
co-precipitated with Fc�RI using IgE-coupled beads at 4 °C (cf.
Fig. 1). Furthermore, these data indicate that the dissociation
is not dependent on the recruitment of additional cell proteins
and that it involves only the complex containing Fc�RI and p28.

The Dissociation Is Induced by Monomeric IgE—To deter-

mine whether the dissociation was due to the Fc�RI aggrega-
tion by IgE aggregates contaminating the IgE preparation, the
DNP-48 IgE was further purified by gel filtration through
HPLC. Although no degranulation of the cells was ever ob-
served with the DNP-48 IgE preparation routinely used in this
study, a minor fraction of the preparation was indeed made of
aggregates (Fig. 6A). The major peak corresponding to mono-
meric IgE was selected to perform sensitization experiments.
Again, IgEs induced a complete dissociation of the p28�Fc�RI
complex, and no difference was seen between HPLC-purified
monomeric IgE and the original IgE preparation (Fig. 6B). To
rule out the possibility that the dissociation of p28 and Fc�RI
was an artifact associated with the DNP-48 IgE, we tested the
ability of two other IgEs (SPE-7 and 26.82) to induce dissocia-
tion of the complex. As shown in Fig. 6B, the dissociation was
complete with 26.82 and nearly complete with SPE-7. There-
fore, the IgE-induced dissociation of the p28�Fc�RI complex is
not restricted to a specific clone of IgE.

The Dissociation Is a Reversible Event—A series of experi-
ments was performed next to determine whether the dissocia-
tion involved an irreversible alteration of Fc�RI and/or p28.
Thus, after a cell sensitization of 30 min with 20 �g/ml of IgE
(conditions under which dissociation of the complex is com-
plete), IgEs were eluted from the cells by an acidic treatment
with glycine. Previous studies have shown that under these
conditions over 90% bound IgE were removed from membrane-
expressed Fc�RI (33). As shown in Fig. 7, glycine treatment
alone induced a minor decrease in the association between p28

FIG. 4. p28�Fc�RI dissociation is dependent on the tempera-
ture. RBL-2H3 cells were incubated for 30 min in the presence (lanes 3
and 5) or absence (lanes 2 and 4) of 20 �g/ml of IgE DNP-48 at the
temperature (T°) indicated. After these treatments, the cell lysates
were immunoprecipitated with mAb 17.3 (lanes 2–5), resolved by SDS-
PAGE, and analyzed by IB with mAb 17.3 (A), anti-Fc�RI� mAb 30.9
(B), and polyclonal anti-Fc�RI� (C). Lane 1, whole cell lysate positive
control. The gel was 12% polyacrylamide. This experiment is represent-
ative of three.

FIG. 3. IgE sensitization of the receptor induces p28�Fc�RI dissociation with a time-and dose-dependent manner. A, dose response
of IgE. RBL-2H3 cells were incubated for the indicated time length with increasing concentrations of IgE DNP-48, and proteins in the lysates were
immunoprecipitated with mAb 17.3. The presence of p28�Fc�RI complexes was examined by mAb 17.3 (upper panel) and by anti-Fc�RI� (lower
panel) IB. The gel was 12% polyacrylamide. This experiment is representative of three. B, quantification of IgE-induced Fc�RI dissociation from
p28. Blots from three dose-response experiments conducted as in A were scanned, and the bands were quantified with National Institutes of Health
Image software. The data are the means � S.D. C, time course of sensitization. RBL-2H3 cells were incubated for various time lengths with the
indicated concentrations of IgE DNP-48, and proteins in the lysates were immunoprecipitated with mAb 17.3. The presence of p28�Fc�RI complexes
was examined by mAb 17.3 (upper panel) and by anti-Fc�RI� (lower panel) IB. The gel was 12% polyacrylamide. This experiment is representative
of three. D, quantification of IgE-induced Fc�RI dissociation from p28. Blots from three time course experiments conducted as in C were scanned,
and the bands were quantified with National Institutes of Health Image software. The data are the means � S.D.
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FIG. 6. p28�Fc�RI dissociation is induced by monomeric IgE and does not depend on the clone of IgE used to sensitize the cells. A,
monomeric IgE purification. The optical density at 280 nm (mAu) of IgE resolved by HPLC gel filtration is shown. Fractions 1–3 correspond to
polymeric IgE, and fractions 4 and 5 correspond to the monomeric IgE (mIgE DNP-48) used in B. B, RBL-2H3 cells were incubated for 30 min at
37 °C with sensitization buffer alone (lane 1), 20 �g/ml of routine IgE DNP-48 preparation (lane 2), 20 �g/ml of the pooled monomeric fractions of
IgE DNP-48 shown in A (mDNP-48) (lane 3), 20 �g/ml of monoclonal IgE clone SPE-7 (lane 4), or 20 �g/ml of monoclonal IgE clone 26.82 (lane 5).
After these treatments, RBL-2H3 cell lysates were subjected to IP with mAb 17.3, resolved by SDS-PAGE, and analyzed by IB with mAb 17.3 (top
panel), anti-Fc�RI� mAb 30.9 (middle panel), and polyclonal anti-Fc�RI� (bottom panel). The gel was 12% polyacrylamide. This experiment is
representative of three. mAu, milliabsorbance unit.

FIG. 5. In vitrodissociation of the
p28�Fc�RI complex. A, proteins from
RBL-2H3 cell lysates were immunopre-
cipitated with mAb 17.3. After immuno-
precipitation, the beads were subjected to
various treatments. Lane 1, RBL-2H3 to-
tal cell lysate. Lane 2, after immunopre-
cipitation, 17.3 beads were washed and
incubated 5 min with 10 �g/ml IgE at
4 °C, and the proteins thus eluted were
recovered. Lane 3, proteins remaining as-
sociated with the 17.3 beads after the in-
cubation analyzed in lane 2 were recov-
ered by boiling in Laemmli sample buffer.
Lane 4, same as lane 2 but during a 5-min
incubation at 37 °C without IgE. Lane 5,
proteins remaining associated with the
17.3 beads after the incubation analyzed
in lane 4 were recovered by boiling in
Laemmli sample buffer. Lane 6, same as
lanes2 and 4, but during a 5-min incuba-
tion at 37 °C with 10 �g/ml IgE. Lane 7,
proteins remaining associated with the
17.3 beads after the incubation analyzed
in lane 6 were recovered by boiling in
Laemmli sample buffer. Upper panel, IB
with mAb 17.3. Lower panel, immunoblot
with anti-Fc�RI� mAb 30.9. B, quantifica-
tion of eluted Fc�RI�. Blots from eight
experiments conducted as for A were
scanned, and the bands were quantified
with National Institutes of Health Image
software. The data are the means � S.D.
(*, p � 0.003; **, p � 0.0005; NS, not
significant).
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and Fc�RI in nonsensitized cells. By contrast, in IgE-sensitized
cells, a 1-min treatment with glycine was sufficient to allow for
the complete reassociation between p28 and Fc�RI.

Aggregation of Fc�RI has been reported so far to promote
association between effector molecules and Fc�RI. Therefore,
finally, we examined whether receptor aggregation could pro-
mote reassociation of p28 with Fc�RI. Thus, cells were incu-
bated for 1 h with 20 �g/ml IgE to induce a complete dissocia-
tion of the complex, washed, and stimulated for 30 min with
1:10 serial dilutions of antigen between 10�2 and 102 �g/ml. No
reassociation of p28 to Fc�RI was observed (data not shown).

Association and Dissociation of the Complex Is Observed in
Nontumoral Mast Cells—To confirm these observations in non-
tumoral mast cells, experiments were conducted in rat bone
marrow-derived mast cells. p28 was detected in these cells as it
had been in RBL-2H3 cells. Immunoprecipitation with mAb
17.3 on nonsensitized rat bone marrow-derived mast cells al-
lowed the recovery of Fc�RI� (Fig. 8) and � (data not shown)
together with p28. Sensitization of the cells with IgE induced
complete dissociation of the complex as it had in the RBL-2H3
mast cell line (Fig. 8).

DISCUSSION

The present work describes a new Fc�RI signaling effector
that is a sensor of Fc�RI occupation by its ligand. Indeed, p28,
a 28-kDa protein, is constitutively associated with at least 50%
of the membrane-expressed Fc�RI. Upon binding of IgE to its
receptor, p28 rapidly dissociates from the latter with a kinetics
that is comparable with that observed with IgE binding (31).
This dissociation was not due to aggregation of the receptor
because HPLC-purified monomeric IgE were fully effective to
induce it and was not the result of an artifact associated with
the DNP-48 IgE used throughout the study because the same
result was obtained with two other IgE. Cell activation did not
modulate p28�Fc�RI association whether positively or nega-
tively, and the dissociation was not the result of protein re-
cruitment or of an irreversible protein alteration but most

likely of a protein conformational change. Furthermore, when
the bound IgE is stripped from Fc�RI by an acidic treatment of
the cells, p28 reassociates immediately with the receptor, re-
vealing that it senses whether the receptor is in an occupied or
in a free state.

The identity of this p28 sensor protein is still unknown. mAb
17.3 recognizes the 37-kDa rPLSCR and p28, demonstrating the
existence of a common epitope between these two proteins. By
screening an RBL-2H3 �-ZAP cDNA expression library with mAb
17.3, more than 200 positive clones were obtained. None of these
clones were coding for a protein other than the rPLSCR (data not
shown), suggesting either that p28 was not produced by the
cDNA expression library or that it is an isoform of rPLSCR.
Analyses by flow cytometry and confocal microscopy of RBL-2H3
cells with mAb 17.3 did not reveal any extracellular staining of
the cells (data not shown). After permeabilization, however, cy-
tosolic and membrane staining were observed, but because mAb
17.3 binds both rPLSCR and p28, it was impossible to determine
the contribution of the latter to the overall staining (data not
shown). Nevertheless, the absence of the p28 epitope recognized
by mAb 17.3 in the extracellular compartment, together with the
absence of p28 radiolabeling in cells that have been surface-
labeled with 125I, indicate that p28 does not contain a large
extracellular domain. Interestingly, the PLSCR family includes
members with a small or no extracellular domain (36). Therefore,
it is possible that p28 could be a spliced isoform or a post-
translation processing product of rPLSCR.

The association of the p28 sensor protein with Fc�RI is most
likely regulated by changes in the conformation of the receptor.
The evidence collected in this study supports this conclusion.
Indeed, p28 dissociation from Fc�RI can be induced by IgE in
vitro after purification of the complex, demonstrating that no
recruitment of additional protein was required. This also dem-
onstrated that the dissociation was not dependent on additive
molecular alterations, such as phosphorylation or palmitoyla-
tion, of p28 or Fc�RI. Additional indirect evidence is that this
dissociation is temperature-sensitive. Finally, p28 dissociates
from Fc�RI immediately following IgE binding, and this disso-
ciation is immediately reversed following stripping of the
bound IgE from its receptor. Altogether, although not exclusive
of other explanations, these data are in agreement with a
conformation-regulated association of p28 with Fc�RI. Re-
ported crystallographic studies of the receptor revealed regions
of conformation flexibility in the extracellular domain of the
Fc�RI� chain (37), as well as changes in the conformation of
IgE after binding to the receptor (38, 39). However, for obvious
reasons, no data are available concerning IgE-induced poten-
tial changes in the conformation of the intracytoplasmic do-
main of Fc�RI� or of both Fc�RI� and Fc�RI� that have almost
no extracellular domain and that are involved in IgE-depend-
ent Fc�RI signal transduction (9).

FIG. 7. Removing IgE induces rapid p28�Fc�RI reassociation.
RBL-2H3 cells were first sensitized (lanes 2 and 4–6) or not (lanes 1 and
3) for 30 min at 37 °C as indicated. Then IgE were removed where
indicated, by an acidic treatment of the cells for 4 min (as described
under “Experimental Procedures”), and the cells were further incubated
in HBT medium in the absence of IgE at 37 °C for the indicated time
length (lanes 4–6). Lane 1, nonsensitized control; lane 2, sensitized and
non-acid-treated control; lane 3, unsensitized and acid-treated control.
After these treatments, RBL-2H3 cell lysates were subjected to IP with
mAb 17.3, resolved by SDS-PAGE, and analyzed by IB with mAb 17.3
(A), anti-Fc�RI� mAb 30.9 (B), and polyclonal anti-Fc�RI� (C). The gel
was 12% polyacrylamide. The experiment is representative of three.

FIG. 8. Association/dissociation of p28�Fc�RI complex in rat
bone marrow-derived mast cells. Recombinant rat IL-3�-dependent
rat bone marrow-derived mast cells were incubated for 30 min with or
without 15 �g/ml of IgE, and the proteins in the lysates were immuno-
precipitated with mAb 17.3. The presence of p28�Fc�RI complexes was
examined by mAb 17.3 (upper panel) and by mAb 30.9 anti-Fc�RI�
(lower panel) immunoblotting. The gel was 12% polyacrylamide. This
experiment is representative of three.
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Although the identity of the chain with which p28 is associated
is still an unresolved question, the simplest model would involve
the Fc�RI� chain itself, particularly in regard of the conformation
hypothesis described above. This would be the first signaling
function ascribed to the cytoplasmic tail of Fc�RI�.

A minor fraction (3–20%) of Fc�RI is constitutively associ-
ated with the tyrosine kinase p53/56lyn (40), a protein involved
in the early steps of IgE/antigen-mediated cell activation. This
observation is in agreement with the receptor aggregation par-
adigm. Indeed, one p53/56lyn molecule can phosphorylate
nearly all the receptors engaged in a receptor aggregate,
thereby initiating an early amplification of the signal (40). By
contrast, a major fraction (�50%) of Fc�RI is associated with
p28. The difference between these two situations could lie in
the fact that the signal generated by p28 is independent of
receptor aggregation; binding of one IgE to one Fc�RI results in
the release of p28.

The molecular events of downstream monomeric IgE binding
to its receptor have been explored and include tyrosine phos-
phorylation of the receptor and of Shc and SHIP, as well as
activation of phosphatidylinositol-3 kinase (22, 23, 41). Yet
there are contradictory reports on the phosphorylation of sev-
eral molecular effectors such as extracellular signal-regulated
kinase, p38, c-Jun N-terminal kinase, and protein kinase B,
and the involvement of the Bcl2 family of apoptosis regulating
factors (22, 23). The signaling pathway, and thus the molecular
partners, of p28 are actively under investigation and will help
understand the cellular function(s) activated, or inactivated, by
p28. Indeed, recent works have reported that the sensitization
of mast cells by monomeric IgE induces many cellular re-
sponses including up-regulation of Fc�RI membrane expres-
sion, cell survival, increased transcription of the gene for his-
tidine decarboxylase, and adhesion (18–25). Yet, conflicting
observations have been reported that sensitization induces the
production of leukotriene C4 and of IL-6, and the transcription
of the genes for IL-4, IL-13, and tumor necrosis factor � (22, 23).
The production of cells deficient in p28 after its identification
should help recognize the cellular function(s) activated down-
stream p28�Fc�RI dissociation. Whatever these functions, our
report demonstrates that p28 is a new IgE receptor-associated
protein that is involved in an early step of signal transduction
downstream IgE binding and that serves as a sensor of Fc�RI
sensitization, a function that has been unsuspected so far.
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