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ABSTRACT
The extracellular vesicular compartment has emerged
as a novel system of intercellular communication; how-
ever, the mechanisms involved in membrane vesicle
biogenesis and secretion are as yet unclear. Among
immune cells releasing membrane vesicles—mast cells
that reside near tissues exposed to the environment—
are master modulators of immune responses. Here, we
have addressed the role of p66Shc, a novel regulator
of mast cell activation and homeostasis, in the dynamic
reorganization of the actin cytoskeleton that is associ-
ated with morphological changes during secretion. We
show that p66Shc is recruited as a complex with the
lipid phosphatase SHIP1 to the F-actin skeleton and im-
pairs antigen-dependent cortical F-actin disassembly
and membrane ruffling through the inhibition of Vav and
paxillin phosphorylation. We also show that in addition
to acting as a negative regulator of antigen-dependent
mast cell degranulation, p66Shc limits the basal release
of granule contents by inhibiting microvesicle budding
from the plasma membrane and piecemeal degranula-
tion. These findings identify p66Shc as a critical regula-
tor of actin dynamics in mast cells, providing a basis for
understanding the molecular mechanisms involved in
vesicle-mediated secretion in these cells.
J. Leukoc. Biol. 95: 285–292; 2014.

Introduction
Antigen-induced aggregation of Fc�RI, the high-affinity IgER
expressed on mast cells, is required for the release of pre-

stored and newly synthesized, proinflammatory mediators that
ultimately give rise to allergic reactions [1]. Beside being key
players in allergic inflammatory responses, mast cells control
adaptive immune responses, thereby participating in host de-
fense. Several mechanisms contribute to this function, includ-
ing cell–cell interaction via membrane-associated receptors
and release of cytokines and soluble mediators by degranula-
tion, as well as through the release of membrane vesicles carry-
ing a cargo of immunoregulatory molecules [2–4].

Two morphologically distinct degranulation pathways,
namely anaphylactic degranulation and piecemeal degranula-
tion, are believed to regulate the release of inflammatory me-
diators in mast cells [5]. During anaphylactic degranulation,
which occurs following antigen stimulation through canonical
exocytosis, cytoplasmatic granules rapidly fuse with each other
and with the plasma membrane, resulting in a massive release
of prestored mediators. Conversely, constitutive degranulation,
also referred to as piecemeal degranulation, defines a peculiar
release of granule materials in the absence of intergranule fu-
sion or granule fusion with the plasma membrane. Cells un-
dergoing piecemeal degranulation are identified by the pres-
ence of a mixture of granules with electron-dense content and
empty granules and the so-called activated secretory granules
further distinguished based on their content distribution, in
haloed or semilunar-patterned granules [6]. In addition, mast
cells release extracellular vesicles containing several mediators,
which have emerged as key regulators of intercellular commu-
nication [4]. These include exosomes, i.e., vesicles of 50–100
nm in diameter that originate from MVBs and are released
into the microenvironment following MVB fusion with the
plasma membrane and larger vesicles of 100–1000 nm in di-
ameter, referred to as microvesicles, that shed from mast cells
by plasma membrane budding/blebbing [7–9]. The release of
membrane vesicles into the extracellular space is dependent
on the functional state of cells and contributes to the dynamic
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composition of the tissue microenvironment [10]; however,
the mechanisms implicated in their biogenesis and secretion
as well as their interaction with target cells are as yet unclear.

Rearrangements of the cytoskeleton represent the unifying
feature of all secretion processes. In mast cells, changes in the
microtubule and the actin cytoskeleton are required for the
degranulation process [11–14], which can be dissected into
two steps, i.e., microtubule-driven granule translocation to the
plasma membrane and actin-dependent granule fusion with
the plasma membrane. Actin-filament remodeling close to the
plasma membrane is a fundamental step in mast cell secretion.
Cortical actin filaments act as a barrier, made predominantly
of actin and myosin, keeping apart the secretory granules from
their fusion sites at the plasma membrane in the absence of
stimulation [14, 15]. In agreement with a negative role for cor-
tical F-actin during secretion, antigen-induced disassembly of
the cortical F-actin network is required for mast cell exocytosis
[14, 16]. These dynamic changes in the actin cytoskeleton,
which include fragmentation and opening of large, subcortical
areas devoid of F-actin, have been proposed to facilitate the
access of vesicles to secretory sites, similar to neuroendocrine
cells [17]. On the other hand, drug-induced depletion of actin
filaments has been demonstrated to prevent antigen-depen-
dent mast cell degranulation, suggesting that actin polymeriza-
tion also plays a positive role during secretion [18]. Antigen-
dependent exocytosis is indeed controlled by the activation of
signaling pathways, which ultimately lead to de novo assembly
of actin filaments around the secretory vesicle and at granule-
docking sites [19, 20]. Whereas significant progress has been
achieved in our understanding of the role of F-actin reorgani-
zation during mast cell secretion, the pathways that link Fc�RI-
dependent signaling to cytoskeleton dynamics remain to be
elucidated.

Shc protein A belongs to the Shc family of adaptor proteins
that regulate the signaling pathways, coupling a variety of cell-
surface receptors to Ras activation [21]. We have shown re-
cently that p66Shc, the longest of the three ShcA isoforms, is
expressed in mast cells, where it attenuates Fc�RI signaling by
acting as an adapter to recruit the lipid phosphatase SHIP1
close to the plasma membrane. Accordingly, p66Shc�/�

BMMCs exhibit increased responses, such as �-hexosaminidase
and cytokine release, in the absence of stimulation and follow-
ing Fc�RI engagement [22].

Despite its identification as a negative regulator of Fc�RI-
dependent mast cell responses, to date, the impact of p66Shc
on the cytoskeleton rearrangements required for degranula-
tion has not been addressed. Here, we investigated the poten-
tial involvement of p66Shc in the cytoskeletal dynamics gov-
erning secretion. We show that BMMC generated from
p66Shc�/� mice display enhanced Fc�RI-mediated F-actin ring
disassembly and membrane ruffling compared with WT
BMMCs, which correlate with enhanced phosphorylation of
Vav and paxillin. Interestingly, we found that p66Shc is re-
cruited to the F-actin cytoskeleton, where it appears to stabilize
SHIP1, thereby inhibiting antigen-induced actin remodeling.
Moreover, we show that under basal conditions, p66Shc�/� in
BMMC results in enhanced vesicle-mediated secretion and an
altered pattern of cortical F-actin distribution.

MATERIALS AND METHODS

Cell activation
RBL-2H3 transfectants and BMMCs (see Supplemental material, Extended
methods) were left untreated or sensitized with anti-DNP IgE 1 �g/ml for
1 h at 37°C and stimulated with DNP-ALB 100 ng/ml at 37°C for 5 or 20
min in TEM assay. In immunoprecipitation assays, cells were sensitized with
anti-DNP IgE 1 �g/ml overnight at 37°C and stimulated with DNP-ALB 1
�g/ml for 5 min.

Lysis, immunoprecipitation, F-actin skeleton
fractionation, and immunoblot assays
Cells (2�106/sample), left untreated or stimulated as described above in
Cell activation, were lysed, as described elsewhere [22]. Alternatively, post-
nuclear supernatants from 50 � 106 cells/sample were immunoprecipitated
using rabbit anti-SHIP1 or anti-collagen homology 2 polyclonal antibodies
and protein A-Sepharose (Amersham Biosciences, Buckinghamshire, UK).
For the F-actin skeleton fractionation, 20 � 106 cells/sample were left un-
treated or stimulated as described above and processed as described [23].
Proteins were resolved by SDS-PAGE and transferred to nitrocellulose
membranes (Protran; Whatman, GE Healthcare, Little Chalfont, Bucking-
hamshire, United Kingdom). Membranes were tested with the indicated
antibodies, followed by HRP-conjugated secondary antibody (see Supple-
mental material, Extended methods). The relative phosphorylation/pres-
ence of each protein in each sample was normalized to its loading control,
following quantitation of scanned immunoblots using ImageJ software.
Data are presented as mean � sd with the internal positive control of each
set of samples taken as 100%.

SEM and TEM
Cells (1�105/sample) were seeded on poly-L-lysine-coated slides and pro-
cessed for SEM microscopy. Alternatively cells (2�106/sample) were left
untreated or stimulated as described above in Cell activation, pelleted at
176 g for 5 min, and processed for TEM microscopy (see Supplemental
material, Extended methods).

Confocal microscopy
BMMCs and RBL-2H3 cells were seeded on poly-L-lysine-coated or un-
coated slides, respectively, and then left untreated or primed as above.
Cells were fixed 20 min in 4% PFA for F-actin or 10 min at �20°C in
methanol for �-tubulin staining. Cells were then permeabilized with 0.01%
Triton X-100 in PBS, supplemented with 1% BSA, and stained for 30 min
at room temperature with TRITC-labeled phalloidin or overnight at 4°C
with anti-�-tubulin antibody, followed by Alexa-Fluor 488 goat anti-mouse
secondary antibody. Confocal laser-scanning microscopy was carried out on
a Zeiss LSM700 (Zeiss, Oberkochen, Germany). Quantitation of the F-actin
ring intensity was performed as described [24] (see Supplemental material,
Extended methods).

Flow cytometry
Cells (2�105/sample) were left untreated or stimulated as described above
in Cell activation, stained with TRITC-labeled phalloidin and analyzed in a
FACScan flow cytometer (Becton Dickinson, San Jose, CA, USA).

Statistical analyses
Mean values, sd values, and Student’s t-test (unpaired) were calculated us-
ing the Microsoft Excel application. A level of P � 0.05 was considered sta-
tistically significant (*P�0.05; **P�0.01; ***P�0.001). For BMMC, data
were obtained from at least three independent p66Shc�/� or control
BMMC cultures.

286 Journal of Leukocyte Biology Volume 95, February 2014 www.jleukbio.org



RESULTS AND DISCUSSION

p66Shc�/� alters granule ultrastructure in BMMCs
We have shown recently that p66Shc�/� BMMCs display en-
larged toluidine blue-positive granules and substantial sponta-
neous degranulation compared with control BMMCs, indicat-
ing that p66Shc limits constitutive secretion in mast cells [22].
To gain further insight into the role of p66Shc in the process
of constitutive secretion, we analyzed mast cell granules in WT
and p66Shc�/� BMMCs by electron microscopy. As shown in
Fig. 1A, resting BMMCs derived from WT mice show numer-
ous electron-dense granules distributed homogeneously in the
cytoplasm, whereas p66Shc�/� BMMCs have enlarged but
fewer electron-dense granules. Interestingly, the lack of
p66Shc results in a significant reduction in the number of
dense-core granules (resting granules) and in an increase
of large empty or partially empty granules (activated granules)
compared with control cells (Fig. 1A, right). This suggests that
p66Shc participates in mast cell homeostasis by controlling the
constitutive release of mediators through piecemeal degranula-
tion. Hence, the enlarged granules, documented in mast cells
lacking p66Shc, using toluidine blue staining, which does not
allow partially empty discrimination from dense-core granules,
are likely to reflect the increase in the number of partially
empty granules rather than an increase in mediator contents,
as supported by the comparable cellular levels of �-hexo-
saminidase in BMMCs from control and p66Shc�/� mice [22].

p66Shc�/� BMMCs display enhanced, constitutive
release of microvesicles
Upon activation, mast cells release, in addition to soluble me-
diators, small extracellular vesicles surrounded by a phospho-
lipid bilayer, referred to as exosomes (50–100 nm) or mi-
crovesicles (100–1000 nm), which are generated by MVB exo-
cytosis or plasma membrane budding/blebbing, respectively
[8, 9, 25]. We investigated whether p66Shc�/� affects this pro-
cess of mast cell secretion. An SEM analysis showed that, at
variance with control BMMCs, in the absence of antigen stimu-

lation, p66Shc�/� BMMCs were characterized by the presence
of numerous extracellular microvesicles, both budding from
the surface and dispersed around the cell, which fall into the
size range of 100–1000 nm (Fig. 1B). The presence of these
microvesicles on the cell surface was comparable between
p66Shc�/� and control BMMCs following antigen stimulation
(Fig. 1B). As the steady-state release of microvesicles is gener-
ally low, except for tumor cells [26], this result further sup-
ports the notion that p66Shc plays a crucial role in preventing
constitutive vesicle budding from the plasma membrane.

The mechanism of extracellular vesicle generation is one of
the features presently used to discriminate between exosomes
and microvesicles [9]. Interestingly, the electron microscopy
analysis revealed the presence, in a small proportion of
BMMCs, of characteristic and previously unknown vesicles of
700–1500 nm, attached to protrusions originated from the
plasma membrane and containing smaller, �100-nm vesicles
that are likely to be exosomes based on their size (Fig. 1C, b).
These vesicles were observed independently of the activation
state of BMMCs or the presence of p66Shc. Hence, in addition
to classical exocytosis (Fig. 1C, a), the release of exosomes may
occur through a novel mechanism involving bulk microvesicle
budding from the plasma membrane.

p66Shc affects steady-state F-actin distribution and
antigen-dependent submembranous F-actin
disassembly and membrane ruffling in mast cells
In mast cells antigen-dependent secretion has been correlated
with cortical F-actin depolymerization [14, 16, 27]. On the
other hand, local actin assembly around the secretory vesicle
during exocytosis has been reported [19], raising the question
of the actual role of the actin cytoskeleton in the secretory
process in mast cells. To evaluate whether p66Shc could affect
mast cell degranulation, as well as microvesicle release, by act-
ing on F-actin dynamics, cortical F-actin distribution and abun-
dance were examined. p66Shc�/� and control BMMCs were
left untreated or sensitized with IgE or stimulated with IgE/
antigen, stained with TRITC-labeled phalloidin, and analyzed

Figure 1. p66Shc controls the constitutive release of mediators by impairing piecemeal degranulation and release of microvesicles in mast cells.
Representative TEM (A) and SEM (B) micrographs of control (�/�) and p66Shc�/� (�/�) BMMCs, unstimulated (�) or sensitized with anti-
DNP IgE and stimulated with DNP-ALB (Ag). The bar graphs show the percentage of dense-core and partially empty/empty granules (A) and the
percentage of cells with extracellular microvesicles on their surface (B). Values are mean � sd (n�2, 50 cells/sample for TEM, and n�2, 140
cells/sample for SEM). (C) Representative TEM micrographs of control BMMCs showing exosome release through exocytosis (left and a) or mi-
crovesicles (right and b). Magnifications of the regions delineated by the squares are also shown (n�2).
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by confocal microscopy (Fig. 2A). Measurement of the cortical
fluorescence intensity showed that p66Shc does not alter F-ac-
tin ring intensity in resting conditions (Fig. 2A, upper). How-
ever, pseudo-3D analysis of F-actin intensity (Fig. 2A) high-
lighted a different distribution of F-actin-rich regions in rest-
ing p66Shc�/� and control BMMCs, with p66Shc�/� BMMCs
displaying a more fragmented cortical F-actin ring, consistent
with the enhanced basal secretion in p66Shc�/� cells [22]. In
addition, an increased percentage of cells with the fragmented
cortical F-actin ring was found in unstimulated p66Shc�/�

BMMC (56% for p66Shc�/� vs. 22% for controls). The pres-
ence of numerous F-actin-free cortical regions in resting
p66Shc�/� BMMCs compared with control cells is further evi-
dent in the 3D reconstruction of confocal images (see Supple-
mental Videos 1 and 2). Interestingly, treatment of p66Shc�/�

BMMCs with IgE in the absence of antigen, which we have
shown previously to reduce spontaneous degranulation to con-
trol levels [22], resulted in the recovery of a continous F-actin
ring, similar to that observed in resting control cells (Fig. 2A).
Consistent with the requirement for F-actin depolymerization
for granule release [16], a significant decrease in cortical F-ac-
tin ring intensity (Fig. 2A) and total F-actin (Fig. 2B) was ob-

served in p66Shc�/� and control BMMCs after antigen stimu-
lation compared with their respective unstimulated controls.
This decrease was, however, significantly more pronounced in
p66Shc�/� BMMCs, supporting the notion that p66Shc acts as
a negative regulator of antigen-dependent F-actin clearance
occurring in mast cells following Fc�RI triggering.

To analyze further the role of F-actin depolymerization in
secretion and to assess the influence of p66Shc on F-actin dy-
namics, we measured �-hexosaminidase release in BMMCs pre-
treated with low doses of LatB, which is known to induce frag-
mentation of the cortical F-actin ring, thereby promoting de-
granulation [14]. LatB treatment resulted in a significant
increase in basal and antigen-induced �-hexosaminidase re-
lease in control cells, whereas no effect was observed in
p66Shc�/� BMMCs (Fig. 2C). Of note, in agreement with IgE-
dependent enhancement in the cortical F-actin ring in
BMMCs [16], treatment with IgE alone reduced spontaneous
degranulation in p66Shc�/� and control BMMCs, an effect
that was abrogated, to a large extent, by LatB. In support of a
role of p66Shc in limiting F-actin reorganization and degranu-
lation, pretreatment of a RBL-2H3 mast cell transfectant-ex-
pressing p66Shc with LatB rescued the p66Shc-dependent im-

Figure 2. p66Shc affects F-actin dynamics in
mast cells. (A) Representative confocal mi-
crographs of F-actin distribution of control
and p66Shc�/� BMMCs, unstimulated or
sensitized with anti-DNP IgE (IgE) and then
stimulated with DNP-ALB and stained with
TRITC-labeled phalloidin (also see Supple-
mental Videos 1 and 2). Pseudo-3D analysis
is also shown as an intensity plot. Graphs

show a quantitation of the F-actin ring intensity (n�2, 200 cells/sample). (B) Flow cytometric analysis of total F-actin content in control
and p66Shc�/� BMMCs, left untreated (black bars) or sensitized and stimulated as in A (white bars). Values are mean � sd of the mean
fluorescence intensity (untreated control cells taken as 100%; n�3). (C) �-Hexosaminidase release from control and p66Shc�/� BMMCs, stimu-
lated as in A, untreated (NT; light-gray bars) or treated with LatB (LATB; dark-gray bars) (n�2; P�LatB vs. untreated). Values are mean � sd.
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pairment of �-hexosaminidase release observed in these cells
(Supplemental Fig. 1).

As cortical F-actin fragmentation is postulated to promote
granule exocytosis, and p66Shc appears to play a key role in
this process, we asked whether an increased concentration of
granules could be detected in the proximity of cortical F-actin-
free regions in p66Shc�/� BMMCs compared with controls.
To this end, cells were costained with TRITC-phalloidin and a
mAb against the exosome marker CD63 and analyzed by con-
focal microscopy. A significant increase in the percentage of
cells showing CD63� granules at sites devoid of F-actin was
observed in resting p66Shc�/� BMMCs compared with control
cells (Fig. 3). In addition, confocal images showed that
p66Shc�/� in BMMCs results in the aggregation of CD63�

granules close to the plasma membrane, at variance with con-
trol cells, which display a largely cytosolic granule distribution.
Of note, the plasma membrane localization of CD63� granules
observed in resting p66Shc�/� BMMCs was similar to that ob-
served in control BMMCs following antigen stimulation (Fig.
3). Moreover, p66Shc overexpression in RBL-2H3 cells results
in the inability of CD63� granules to redistribute to the
plasma membrane, even following antigen stimulation (data
not shown). Together, these data support a role for p66Shc as
a critical regulator of vesicle-mediated secretion.

Beside actin rearrangements, microtubule dynamics are re-
quired for granule translocation to the plasma membrane [14,
28]. No evident alterations in the microtubule network organi-
zation were observed in p66Shc�/� BMMCs or in p66Shc-ex-
pressing RBL-2H3 compared with controls, both in resting and
in antigen-stimulated conditions, indicating that p66Shc does
not affect microtubule dynamics. Accordingly, nocodazole
treatment impaired antigen-induced degranulation to a similar
extent in p66Shc�/� and control BMMCs, as well as in the
RBL-2H3 transfectants (Supplemental Fig. 2).

It is well established that cell-surface F-actin remodeling is
required for vesicle trafficking and formation of membrane
protrusions [29]. In mast cells, plasma membrane extensions,
referred to as ruffles, have been described. These extensions
are rich in F-actin, and their number increases following anti-
gen activation [30]. To characterize further the effects of
p66Shc on antigen-induced actin reorganization, we used RBL-
2H3 cells expressing p66Shc to assess ruffle formation by con-
focal microscopy. IgE sensitization did not induce ruffle for-

mation compared in either cell transfectant. At variance, anti-
gen treatment promoted the formation of ruffles, which was
strongly inhibited by p66Shc (Fig. 4A). Furthermore, using a
RBL-2H3 cell line expressing a p66Shc-GFP fusion protein, we
found a linear correlation between p66Shc expression and the
number of cells showing antigen-induced ruffles. Specifically,
we used a pool of transfectants consisting of cells expressing
p66Shc-GFP at different levels. During confocal analysis, we
selected cells expressing (detectable) or not expressing (not
detectable) p66Shc-GFP and counted cells showing ruffles. A
significantly smaller proportion of cells expressing p66Shc-GFP
displayed ruffles compared with cells not expressing p66Shc-
GFP (Fig. 4B). In agreement with a specific effect of p66Shc
on ruffle formation, we found that in stably transfected RBL-
2H3 cells, which homogeneously express p66Shc at high levels,
only �10% of cells were still capable of forming ruffles (Fig.
4A), in contrast with the pool of transfectants consisting of a
heterogeneous population in terms of p66Shc-GFP expression,
where �40% of the cells showed ruffles (Fig. 4B). Moreover,
we found that LatB completely abrogated ruffle formation in
antigen-stimulated p66Shc GFP-negative cells, indicating that
this drug mimics the effects of p66Shc in ruffle formation
(Fig. 4B).

Consistent with a basal-activated phenotype and with a nega-
tive role for p66Shc in controlling F-actin dynamics, unstimu-
lated p66Shc�/� BMMCs showed an increase in the number
of ruffles compared with control cells, which reach the level of
antigen-stimulated control BMMCs and are not altered by IgE
or antigen treatment (see Supplemental Videos 1 and 2, and
data not shown). Together, the data indicate that p66Shc is
implicated in the F-actin dynamics required for ruffle forma-
tion following antigen stimulation in mast cells.

p66Shc impairs Fc�RI-dependent phosphorylation of
Vav and paxillin
Cortical F-actin fragmentation and formation of filopodia are
dependent on RhoA and Cdc42, respectively, whereas forma-
tion of lamellipodia and membrane ruffles depends on Rac1.
The guanine nucleotide exchanger Vav and the adapter paxil-
lin, which contribute to the activation of these GTPases [31–
33], have been implicated in neutrophil degranulation [34].
Furthermore, Vav has been shown to be required for the F-ac-

Figure 3. CD63� granules localize at
cortical F-actin-free regions in
p66Shc�/� BMMCs. Representative
confocal micrographs of F-actin and
CD63 distribution of control and
p66Shc�/� BMMCs, unstimulated or
sensitized with anti-DNP IgE alone and
stimulated with DNP-ALB. The graphs
show the percentage of cells displaying
CD63� granules in contact with cortical
areas devoid of F-actin in control and
p66Shc�/� BMMCs, untreated (black
bars) or stimulated as described above
(white bars). The data are presented as
mean � sd (n�2; 100 cells/sample).
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tin rearrangements that control cytotoxic granule release from
NK cells [31, 35, 36].

To gain further insight into the mechanism underlying the
negative role of p66Shc in antigen-dependent cortical F-actin
disassembly, we analyzed the activation status of Vav and paxil-
lin. In agreement with the enhanced secretion observed in
p66Shc�/� BMMCs, the lack of p66Shc correlated with a sig-
nificant enhancement in antigen-induced Vav phosphorylation
compared with control BMMCs (Fig. 5A). Moreover, the ex-
pression of p66Shc in RBL-2H3 cells strongly impaired anti-
gen-dependent Vav phosphorylation (Fig. 5B), indicating that
p66Shc acts as an inhibitor of Vav activation in mast cells. Sim-

ilar results were obtained when paxillin phosphorylation was
analyzed in BMMCs from control and p66Shc�/� mice (Fig.
5A). These effects of p66Shc�/� on antigen-dependent Vav
and paxillin phosphorylation are likely to underline, at least in
part, its ability to negatively regulate the cortical F-actin reor-
ganization required for membrane ruffling and secretion.

We have reported previously that p66Shc recruits the lipid
phosphatase SHIP1 to Fc�RI [22]. The activation of Vav and
paxillin is dependent on phosphoinositides generated by PI3K
[37, 38] and indeed, that the cortical actin meshwork has
been shown to be associated with a PIP3-enriched compart-
ment of the plasma membrane [39]. Hence, we can hypothe-

Figure 4. p66Shc impairs membrane ruffling in mast
cells. (A) Representative Z-projections (40 slices; slice
spacing 0.4 �m) of F-actin distribution of RBL-2H3 cells
transfected with the vector pcDNA3 (pc) or with the
same vector encoding WT p66Shc (p66). Cells were un-
stimulated or sensitized with anti-DNP IgE and then stim-
ulated with DNP-ALB and stained with TRITC-labeled
phalloidin. The graphs show the percentage of cells dis-
playing ruffle formation following antigen stimulation
(n�2; 100 cells/sample). (B) Representative confocal
micrographs of F-actin distribution of a pool of RBL-2H3
transfectants expressing (p66GFP positive) or not
(p66GFP negative) p66Shc-GFP, unstimulated or stimu-
lated as in A, in the presence (LatB Ag) or absence (Ag)
of LatB. The graphs show the quantitation of cells dis-
playing ruffle formation under these conditions (n�2;
200 cells/sample). The data are presented as mean � sd
(cells in each field taken as 100%).

Figure 5. p66Shc impairs Vav and paxillin
phosphorylation. Immunoblot analysis of Vav and paxil-
lin phosphorylation (P-Vav and P-Paxillin, respectively)
on total cell lysates from control and p66Shc�/� BMMCs
(A) or of Vav phosphorylation in control RBL-2H3 cells
(pc) and cells expressing p66Shc (p66) (B), untreated
or sensitized and stimulated (Ag). Densitometric analysis
is shown. Data are presented as relative protein phos-
phorylation, with the value of antigen-stimulated control
cells in each experiment taken as 100% (n�3). WB,
Western blot.
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size that the inhibition of antigen-induced F-actin dynamics
could result from p66Shc-dependent inhibition of PIP3-depen-
dent signaling.

p66Shc is recruited to the F-actin cytoskeleton
compartment
SHIP1 has been demonstrated to play an important role in the
negative regulation of mast cell degranulation by interacting
with F-actin through filamin as well as with Fc�RI [23, 40]. As
p66Shc promotes SHIP1 recruitment to the plasma membrane
following Fc�RI engagement [22], we asked whether the inhib-
itory effects of p66Shc on actin remodeling are dependent on
its localization to F-actin-rich regions. To address this issue,
RBL-2H3-expressing p66Shc and control cells lacking p66Shc
expression were left untreated or treated with antigen. F-actin-
enriched fractions were prepared from total cell lysates, and
the presence of p66Shc and SHIP1 was assessed by immuno-
blot. At variance with control RBL-2H3 cells, where SHIP1 is
excluded from F-actin fractions following antigen stimulation,
Fc�RI stimulation in p66Shc-expressing RBL-2H3 cells induces
p66Shc recruitment to F-actin and SHIP1 stabilization into this
fraction (Fig. 6, left). In agreement with an inhibitory effect of
p66Shc on antigen-dependent release of SHIP1 from F-actin-
enriched fractions, the levels of actin and p66Shc found in
SHIP1-specific immunoprecipitates were increased in p66Shc-
overexpressing cells following antigen stimulation, whereas an-
tigen stimulation induced a reduction in the levels of actin
associated with SHIP1 in the control transfectant (Fig. 6, mid-
dle). No association of p66Shc with actin was detectable before
or following antigen stimulation in p66Shc-specific immuno-
precipitates. Conversely, SHIP1 was found to coprecipitate with
p66Shc (Fig. 6, right). The finding that p66Shc is associated
with the F-actin skeleton in resting cells and that it is further
recruited to this compartment following antigen stimulation,

together with the evidence of its direct association with SHIP1
but not actin, suggests that p66Shc interacts with F-actin as a
complex with SHIP1.
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