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ABSTRACT
Antigen interaction with specific IgE bound to the
high-affinity Fc receptor for IgE, constitutively expressed on the cell-surface of mast cells, generates
signals that cause a shift in the resting state equilibrium of phosphorylation and dephosphorylation events
that serves to maintain homeostasis. The outcome of
this activated state is the release of a wide array of
preformed and newly synthesized pro-inflammatory
mediators. During the past few years, the existence of
a negative feedback loop initiated upon FcεRI engagement has also been envisaged. This negative signal involves the coordinated action of adaptors,
phosphatases and ubiquitin ligases that limits the intensity and duration of positive signals, thus modulating mast cell functions. Relevant to this, others and
we have demonstrated that Cbl family proteins control the amplitude of FcεRI-generated signals by specific ubiquitin modification of activated receptor
subunits and associated protein tyrosine kinases. In
this article, we review advances in our understanding
of the molecular mechanisms through which Cbl
proteins regulate FcεRI expression and signaling.
Keywords: Mast Cells; Basophils; FcεRI; Negative
Regulation; Cbl Proteins; Ubiquitination

1. INTRODUCTION
Mast cells have long been recognized, together with
basophils, as the critical effector cells in IgE-mediated
allergic diseases [1,2].
Mast cells and basophils share the presence of basophilic granules in their cytoplasm and the surface expression of a high affinity receptor for the Fc fragment of
IgE (FcεRI).
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FcεRI belongs to a family of multisubunit immunoreceptors that lack intrinsic enzymatic activity but transduces intracellular signals through association with cytoplasmic protein tyrosine kinases (PTKs) [3,4]. In rodent
and human mast cells and basophils, the intracellular
signalling generated upon engagement of receptor-bound
IgE with the corresponding allergens are responsible for
the release of preformed and newly synthesized mediators including histamine, leukotrienes, IL-4 and IL-13
[4-6].
Besides these positive signals, FcεRI aggregation has
been understood to generate negative intracellular signals
capable of limiting mast cell functional responses through
the action of a variety of multidomain adaptor proteins
[7].
Among them, the Cbl family of ubiquitin (Ub) ligases
[8-11] has attracted considerable interest due to the finding that it controls the intensity and duration of FcεRImediated signals mainly by specific Ub modification of
the activated receptor subunits and associated PTKs [1214].
This review is aimed at providing an overview on the
mechanisms through which Cbl proteins, acting as Ub
ligases, negatively regulate mast cell and basophil functional responses.

1.1. The High Affinity Receptor for IgE:
Structure and Function
FcεRI is expressed on mast cells and basophils as a heterotetramer composed by an IgE-binding α subunit, a
four transmembrane-spanning β subunit, and two identical disulphide-linked γ subunits. In rodents, all three
subunits are needed for surface expression, whereas in
humans a trimeric complex lacking the β-chain (FcεRIαγ2)
also exists, and is expressed not only on mast cells and
basophils but also on antigen presenting cells [4].

1064

R. Molfetta et al. / Advances in Bioscience and Biotechnology 4 (2013) 1063-1072

Several observations obtained using a rat basophilic
leukemia cell line, namely RBL-2H3, have contributed to
elucidate the function of the different receptor subunits.
FcεRIα-chain contains two extracellular Ig-like domains involved in IgE binding, a transmembrane region
with an aspartic acid residue and a short cytoplasmic tail
that lacks signal transduction motifs. The β and γ subunits have no role in ligand binding, but they share a
conserved immunoreceptor tyrosine-based activation
motif (ITAM) within their long cytoplasmic tails that,
upon FcεRI aggregation, is rapidly phosphorylated on
tyrosines by the Src family kinase Lyn that binds to
FcεRIβ under resting conditions [3,4].
The phosphorylated γ-chains are competent to drive
cell activation in the absence of a β-chain ITAM, however FcεRIβ amplifies the intensity of signals from
FcεRIβ [15], thus the two subunits act cooperatively in
promoting signal transduction.
It has been demonstrated that the full activation of
FcεRI requires its migration into lipid rafts, specialized
regions of the plasma membrane enriched in cholesterol
and glycosphingolipid that form ordered but dynamic
structures floating in the less ordered surrounding membrane [16]. Upon FcεRI engagement membrane rafts
coalesce into larger and more stable structures where
engaged receptors are concentrated [17], and can more
easily interact with signalling molecules, such as active
Lyn [18,19], thus favouring ITAM phosphorylation.
Phosphorylated ITAMs provides a docking site for the
tandem pair of Src homology 2 (SH2) domains of the
cytoplasmic kinase Syk, that is, in turn, activated upon
tyrosine phosphorylation [3]. The use of Syk specific
inhibitors and Syk-negative RBL-2H3 cells has demonstrated an obligatory role for this kinase in FcεRI-mediated signalling [20-23]. For example, bone marrow-derived mast cells (BMMCs) isolated from Syk−/− mice
show impaired calcium mobilization, degranulation and
cytokine production upon receptor stimulation [21]. In
humans, a minority of normal blood donors have basophils that fail to release granules. These “nonreleaser”
basophils express a normal level of FcεRI but very low
levels of Syk protein [24,25]. Furthermore, variable expression levels of Syk, observed in human basophils
from releaser donors, correlate well with the IgE-mediated responsiveness of these cells [25].
Syk activation enables the productive interaction with
its many targets including the membrane anchored linker
for activation of T cells (LAT) that, once phosphorylated,
recruits SH2-containing adaptors such as leukocyte protein of 76 kDa (SLP-76) and Grb2, and enzymes such as
phospholipase Cγ (PLCγ). Once in the membrane, PLCγ
undergoes activating tyrosine phosphorylation, and hydrolyzes the membrane phosphatidyl inositol 4,5-bisphosphate [PtdIns(4,5)P2] to form the soluble inositol 1,4,5Copyright © 2013 SciRes.

trisphosphate (IP3) and the membrane bound diacylglycerol (DAG), which are responsible for intracellular calcium mobilization and protein kinase C (PKC) activation,
respectively.
The adaptors SLP-76 and Grb2 recruit exchange factors promoting the activation of the small GTPases, Ras,
Rac, and Rho. They regulate complex networks of signalling pathways leading to the secretion of preformed
and newly synthesized mediators and cytokines.
In RBL-2H3 cells, a complementary pathway is initiated by another PTK of the Src family, Fyn, and cooperates with the Lyn/Syk pathway in the propagation of
FcεRI-mediated signal [26]. Upon receptor engagement,
Fyn phosphorylates the molecular adaptor Gab2, favouring membrane recruitment of the p85 regulatory subunit
of phosphatidylinositol-3-OH kinase (PI3K). Once activated, PI3K catalyzes the formation of PtdIns(3,4,5)P3
(PIP3) that functions as docking site for pleckstrin homology domain-containing proteins such as Bruton’s
tyrosine kinase (Btk) and PLCγ.

1.2. Mechanisms Underlying Negative
Regulation of Mast Cell and Basophil
Activation
Over the past several years, it has become apparent that
mast cell and basophils express surface receptors that
counteract FcεRI-mediated activation responses. The
common feature of these inhibitory receptors is the presence in their cytoplasmic tail of immunoreceptor tyrosine-based inhibitory motifs (ITIMs) then, once phosphorylated, recruit negative signaling molecules [27,28].
Furthermore, FcεRI signaling itself has been understood to consist of a mixture of positive and negative
signals whose integration determines the rate and the
extent of functional responses.
In RBL-2H3 cells, the phosphatases SHP-1, SHP-2
and SHIP are tyrosine phosphorylated and activated upon
their recruitment to the phosphorylated FcεRIβ, thus promoting dephosphorylation events that contrast FcεRImediated signal propagation [29-31].
A low level of SHIP was detected in “hyper-releaseable” basophils derived from highly allergic donors, and
it was found to correlate with a higher sensitivity to stimulation [32], suggesting a role for SHIP as negative
regulator of human basophil degranulation as well.
Futhermore, in human mast cells, the absence of another lipid phosphatase, namely PTEN, leads to increased PIP3 levels even in resting conditions. In PTENdeficient cells, the enzymatic activity of c-Jun and p38
MAPKs is increased and is followed by a constitutive
secretion of cytokines [33].
Interestingly, signaling molecules other than phosphatases, such as PTKs, adapters and ubiquitin ligases,
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are also able to generate negative signals, thus contributing to control the intensity and duration of functional
mast cell and basophil responses [7].
Among them, Cbl family proteins have emerged as
negative regulators of FcεRI-mediated signals.
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receptor PTKs including growth factor receptors, such as
EGFR and PDGFR, and cytoplasmic tyrosine kinases of
the Syk/ZAP-70 family [35].
The RING Finger domain, interacting with Ub-conjugating enzymes, catalyzes protein ubiquitination [36,37].
Ubiquitination is a post-translational reversible modification whereby Ub, a 76-amino-acid-globular peptide
(8 KDa), is covalently attached to lysine residues of acceptor proteins that are then mainly targeted to degradation [38-40]. Ubiquitination is catalyzed by the action of
three different enzymes, namely E1, E2 and E3. The
Ub-activating enzyme (E1) forms a thiol-ester bond with
the carboxy-terminal glycine of Ub in an ATP-dependent
process. Activated Ub is, successively, accepted by the
Ub-conjugating enzyme (E2) by transthiolation, and finally transferred to the substrate through the action of the
Ub protein ligase (E3). Thus, this latter class of enzymes
provides specificity to the Ub system being responsible
for substrate recognition and Ub ligation to the target
protein.
The Cbl family belongs to the E3 Ub ligases characterized by the presence of a RING finger domain [37]:
TKB domain, as well as additional domains located in
the C-terminal region of both c-Cbl and Cbl-b, determine
Cbl substrate specificity serving as a docking site for
tyrosine phosphorylated proteins that are then ubiquitinated by the RING-finger associated E2 enzyme (Figure
1(b)).
Another factor essential for the E3 activity of c-Cbl
(and in a lesser extent of Cbl-b) is the tyrosine phosphorylation of its linker domain located between the
TKB and RING domains. This phosphorylation causes
conformational changes in c-Cbl that are required for the

2. CBL FAMILY PROTEINS
2.1. Domain Structure and Function
The mammalian Cbl family consists of three proteins
encoded by separate genes: c-Cbl, Cbl-b and Cbl-3 [8-11]
(Figure 1(a)).
All of them are structurally characterized by the presence of highly conserved regions in their N-terminal: a
tyrosine kinase-binding (TKB) domain, a RING finger
domain, and a proline-rich domain.
Moreover, c-Cbl and Cbl-b share additional regions in
their C-terminal mainly involved in protein-protein interactions [34]: an extensive prolin-rich domain able to
interact with several SH3-containing proteins, such as
Src family kinases; a region containing several tyrosine
residues which are phosphorylated following the stimulation of a diverse array of membrane receptors, and
promotes interaction with SH2-domain containing proteins; a region homologous to both Ub-Associated (UBA)
domain and to Leucine Zipper (LZ) that mediate Ub
binding and intermolecular oligomerization.
Importantly, the highly conserved TKB and RING
finger domains define the basic functional unit of c-Cbl
and Cbl-b [11,34]. The TKB domain is composed of a
four-helix bundle (4H), a calcium-binding EF hand and a
modified SH2 domain, and was so named for its ability
to bind to phosphotyrosine residues of receptor and non-

(a)

(b)

Figure 1. (a) Schematic representation of the structural domains of the three mammalian
Cbl isoforms c-Cbl, Cbl-b, and Cbl-3; (b) Model of Cbl ubiquitin ligase function. Multiple
motifs in Cbl proteins, such as tyrosine-kinase-binding (TKB) domain or the proline-rich
domain, serve to recruit the substrates for ubiquitination. The ubiquitin-conjugating enzyme (E2), which interacts with the RING domain of the ubiquitin ligase Cbl, transfers
ubiquitin to the target proteins. Modified from Duan L. et al., Immunity, 2004.
Copyright © 2013 SciRes.
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release of the RING-finger associated E2, an essential
step in Cbl driven ubiquitination [41].
Ubiquitinated substrates are, then, targeted to different
degradation pathways depending on the kind of ubiquitination itself. Polyubiquitin chains, whereby Ub acts as a
substrate for the attachment of further Ub molecules, is
commonly recognized as a signal that targets substrates
to degradation by the 26S proteasome [38-40,42]. The
attachment of single Ub to one or more lysines of target
proteins, namely mono and multiubiquitination respectively, can act as internalization signals driving transport
of membrane receptors along the endocytic pathway towards a lysosomal compartment for degradation [43-45].
In vitro, c-Cbl and Cbl-b appear to have equal capacity
to act as E3 Ub ligases toward a similar range of substrates. However, unlike c-Cbl, ubiquitination by Cbl-b
does not often result in substrate degradation, but rather
appears to affect protein localization [34].

2.2. FcεRI Down-Regulation by Cbl-Mediated
Ubiquitination
Evidence collected in the past years has strongly supported a crucial role for Cbl family Ub ligases in the
down-regulation of immunoreceptors, including FcεRI
[12,46,47].
c-Cbl and Cbl-b are both expressed on rodent and
mouse mast cells, and upon FcεRI engagement, become
tyrosine phosphorylated [48,49] and translocate into lipid
rafts [14,50].
c-Cbl is also expressed on cultured human mast cells
[51] and basophils [52], where it undergoes antigen-dependent phosphorylation.
The first evidence for a negative role played by c-Cbl
in mast cell came from experiments in which c-Cbl overexpression inhibited receptor-mediated serotonin release
in RBL-2H3 cells without affecting receptor phosphorylation [53]. The molecular mechanism underlying this
inhibition has been elucidated by additional works demonstrating the involvement of c-Cbl in the ubiquitination
of FcεRI receptor subunits. An earlier study from our
group [54] had demonstrated that FcεRI β and γ subunits
were subjected to ubiquitination upon stimulation of
RBL-2H3 cells with IgE and multivalent antigen. Subcellular fractionation and confocal microscopy experiments have subsequently demonstrated that c-Cbl colocalizes with FcεRI β and γ subunits into lipid rafts after
receptor engagement, suggesting the involvement of Cbl
in receptor ubiquitination [50].
Our group has, indeed, identified c-Cbl as the main E3
ligase responsible for the antigen-induced receptor ubiquitination in RBL-2H3 cells [12]. Overexpression of wild
type c-Cbl, but not a mutant form deleted in the RING
finger domain, strongly increased antigen-induced FcεRI
Copyright © 2013 SciRes.

β and γ ubiquitination, providing evidence for a direct
role of c-Cbl as Ub ligase.
In line with this finding, we have then demonstrated
that FcεRI β and γ subunits are mainly monoubiquitinated by c-Cbl at multiple sites upon antigen stimulation,
and provided evidence that this modification controls
receptor internalization and sorting along the endocytic
compartments through the interaction with adaptor proteins harboring Ub interacting motifs (UIMs), namely
epsin, Eps15, Eps15R and Hrs [55,56]. Eps15, eps15R
and epsin display similar functions: they control the early
steps of the endocytic route coupling ubiquitinated receptors with components of the budding vesicles [57,58].
The key role of Hrs is, instead, the delivery of ubiquitinated proteins to the outer membrane of the late endosomes and the sorting of the cargo into internal vesicles of multivesicular bodies for lysosomal degradation
[59].
We demonstrated that Eps15, Eps15R and Epsin play
a partial overlapping functions in ubiquitinated FcεRI
uptake, whereas Hrs plays a key role in controlling the
fate of internalized receptor complexes: Hrs depletion by
means of siRNA retains ubiquitinated receptors into early
endosomes and partially prevents their sorting into lysosomes [55].
Since FcεRI β and γ subunits and c-Cbl have been reported to translocate into lipid rafts upon antigen stimulation [17,18,50], we have also investigated the implication of a lipid raft environment in regulating Cbl-mediated FcεRI ubiquitination. We have demonstrated that the
recruitment of engaged FcεRI subunits into lipid rafts
precedes their ubiquitination, and that the integrity of
these membrane microdomains is required to allow receptor ubiquitination [55]. We have also shown a strong
interdependence between lipid rafts and receptor endocytosis, in line with the finding of Fattakhova and coworkers, who demonstrated that aggregated FcεRI complexes remain associated with lipid rafts upon antigeninduced internalization [60].
All together, our data demonstrate that Cbl-dependent
FcεRI ubiquitination initiates into lipid raft and provide
evidence that FcεRI may use Ub as an internalization
signal. Furthermore, they support a key role for Cbl-mediated receptor ubiquitination in ensuring a proper cargo
sorting along the endocytic compartments mainly through
the interaction with the Ub-binding adaptor Hrs (see Figure 2).
To understand how Hrs function is regulated upon
FcεRI engagement, we first investigated whether Hrs
itself undergoes covalent modifications. We found that
Hrs is subjected to antigen-dependent tyrosine phosphorylation and monoubiquitination, and we identified
Syk as the main kinase regulating both inducible Hrs
post-translational modifications in RBL-2H3 cells [61].
OPEN ACCESS
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Figure 2. Model depicting how Cbl orchestrates endocytosis of engaged FcεRI complexes. Upon antigen stimulation, the combined action of Syk and Cbl, recruited to phosphorylated FcεRI as a preformed complex, leads to
receptor multiubiquitination that may act as an independent signal for receptor endocytosis. Ubiquitinated receptor complexes upon internalization are then sorted along the endocytic pathway throught the sequential action
of ubiquitin-adaptor proteins, and finally targeted to lysosomes for degradation.

Moreover, by siRNA knock down of c-Cbl and complementary overexpression studies, we demonstrated that
Hrs monoubiquitination is under the control of c-Cbl
ligase activity. To address how Hrs modifications might
impact on its function as endocytic adapter, we examined
the distribution of phosphorylated and ubiquitinated Hrs
species between particulate-membrane and cytosolic
constituents. We demonstrated that upon FcεRI engagement Hrs is present into both membrane and cytosolic
fractions. However, an increase of Hrs phosphorylation
was reproducibly observed only in membranes, suggesting that Syk preferentially phosphorylates Hrs located
into endosomal sorting site. Consistent with this assumption, a predominant relocalization of Syk in membrane
fraction was observed.
Interestingly, we also found that monoubiquitinated
forms of Hrs are preferentially confined on cytosolic
fractions. The relocation of ubiquitinated Hrs from membrane to cytosolic compartments may be functionally significant. Indeed, Hoeller and collegues previously reported that monoubiquitination of Hrs promotes intramolecular interactions, preventing Hrs ability to bind to
ubiquitinated cargo [62]. Thus, the removal of monoubiquitinated Hrs from endosomal membrane could facilitate the clearance of the non-functional adapter and its
Copyright © 2013 SciRes.

replacement with non ubiquitinated and sorting-competent Hrs. In conclusion, our findings are compatible with
the following scenario depicted in Figure 3.
Upon antigen stimulation ubiquitinated FcεRI complexes are recognized by Hrs that becomes a substrate for
Syk and Cbl enzymatic activities. Although we did not
address the order in which Hrs phosphorylation and
ubiquitination occur, it is likely that Syk-induced Hrs
phosphorylation occurs at the endosomal membrane and
precedes Hrs ubiquitination.
Monoubiquitinated Hrs is then removed from endosomal sorting sites allowing its replacement with nonubiquitinated Hrs that may need to be tyrosine phosphorylated to interact with other endocytic adapters in
order to ensure an efficient transport of ubiquitinated
cargos.
In this scenario, Hrs monoubiquitination would serve
to relocate Hrs from endosomes to the cytosol, without
promoting degradative events.
Although not as extensively studied as in RBL-2H3
cells, evidence indicates that a role for Cbl proteins in
FcεRI down-regulation can also be envisaged in mouse
mast cells.
In this regard, c-Cbl and Cbl-b knock-out (KO) mice
were useful in the highlighting of redundant or distinct
OPEN ACCESS
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Figure 3. Model depicting how Cbl-mediated monoubiquitination of Hrs affects its subcellular localization. Ubiquitinated FcεRI complexes upon internalization are recognized by Hrs that becomes a substrate for Syk and Cbl enzymatic activities. Monoubiquitinated Hrs is then removed from endosomal sorting sites whereas phosphorylated Hrs
interacts with other endocytic adapters of the ESCRT complexes in order to ensure an efficient transport of ubiquitinated FcεRI complexes to the multivesicular bodies (MVBs) and to the lysosomes for degradation. ESCRT, endosomal sorting complex required for transport.

roles of the two adapter proteins. In Cbl-b-deficient
BMMCs FcεRI-mediated phosphorylation, Ca2+ mobilization, histamine release, and induction of pro-inflammatory cytokines were increased compared to wild type
and c-Cbl KO mice [49,63]. Moreover, loss of Cbl-b, but
not c-Cbl, retards FcεRI internalization in BMMCs [63],
but Cbl-b ligase activity is dispensable for receptor
down-modulation [64].
All together, the data obtained in RBL-2H3 cells and
in BMMCs support the requirement of Cbl protein for
the negative regulation of FcεRI-induced signal propagation. However, while in RBL-2H3 cells c-Cbl plays a
major role in receptor down-regulation mainly through
its ligase activity, in mouse mast cells the main function
of Cbl-b is to work as an adapter protein.
The role of Cbl proteins in regulating FcεRI surface
expression in human mast cells and basophils has not yet
been investigated.
Copyright © 2013 SciRes.

2.3. Cbl Ligase Activity Regulates Non-Receptor
PTK Expression and Function
Cbl proteins induce ubiquitination of a number of nonreceptor PTKs, including Syk and several members of
Src family kinases, and in most case ubiquitination of
activated PTKs correlates with downregulation of their
protein level and kinase activity [12,52,65-68].
Several lines of evidence have demonstrated that human basophils show a wide variability in the rate of
FcεRI-mediated degranulation and, among them, a small
percentage of basophils completely fail to release histamine. Their unresponsiveness has been linked to lower
levels of Lyn and to the absence of Syk despite a normal
level of their mRNA, suggesting the action of a posttranslational mechanism responsible for kinase degradation [24,25]. Although differences in Cbl protein levels
between releaser and nonreleaser basophils have not
been observed, it is likely that alterations in Cbl ligase
OPEN ACCESS
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activity contribute to Syk instability in the nonreleaser
phenotype. In this regard, the involvement of the Ubproteasome pathway has been reported [69], and may
contribute to the regulation of Syk levels in unstimulated
basophils isolated from nonreleaser donors. Relevant to
this, we have more recently demonstrated that Cbl ligase
activity is influenced by the protein abundance of specific positive and negative regulators in unstimulated
RBL-2H3 cells. Indeed, we found that overexpression of
a specific positive regulator of Cbl ligase activity promotes an antigen-independent Syk ubiquitination and
degradation with consequent functional defects [70].
In RBL-2H3 we have also demonstrated that, following FcεRI stimulation, c-Cbl is responsible for Syk ubiquitination, and that Syk activity controls its own ubiquitination [12].
Syk and c-Cbl have been previously reported to be
constitutively associated in RBL-2H3 cells [48]. Thus, it
is conceivable that Syk/Cbl interaction allows the enzymes to become reciprocal substrates: Syk phosphorylates and activates Cbl that, in turn, ubiquitinates activated Syk, as depicted in Figure 2. In line with this model, we have also demonstrated that ubiquitination preferentially affects the phosphorylated and active forms of
Syk [12]. Moreover, proteasome inhibition induced a
persistence of activated kinase forms, supporting the involvement of Cbl-dependent ubiquitination in the downregulation of the active pool of Syk.
A similar role for Cbl in targeting Syk ubiquitination
and degradation has also been envisaged in stimulated
human basophils. FcεRI engagement, achieved by antigen or anti-IgE antibodies, promotes a progressive loss
of Syk protein that correlates with Syk ubiquitination and
is sensitive to proteasome inhibitors [52]. Moreover, an
antigen-dependent interaction between Syk and Cbl was
observed, and the level of protein association correlates
with that of Cbl tyrosine phosphorylation.
More recent lines of evidence support this finding
showing that also IgE-independent stimuli are able to
induce c-Cbl phophorylation, and are responsible for Syk
degradation and for the induction of nonreleasing phenotype [71].
Following FcεRI engagement, Cbl proteins can also
ubiquitinate Lyn and Fyn in RBL-2H3 cells [13,14].
Both c-Cbl and Cbl-b act as Ub ligases targeting the active forms of Lyn, further supporting our previous finding that ubiquitination preferentially affects active forms
of the kinases responsible for signal propagation. The
same study [14] provided also evidence for the requirement of a lipid raft environment in Cbl-mediated ubiquitination events: targeting Cbl-b into lipid raft enhances
Lyn ubiquitination. Moreover, overexpression of a mutant form of Cbl-b that constitutively localizes in lipid
rafts reduces antigen-mediated degranulation and cytoCopyright © 2013 SciRes.
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kine production by negatively regulating both Lyn-SykLAT and Fyn-Gab2-mediated signalling pathways. At
molecular level, the membrane-targeted overexpression
of Cbl-b inhibited receptor phosphorylation and kinase
activity, and dramatically downregulated the protein
amount of Gab2 by promoting its ubiquitination.
Thus, overexpression studies in RBL-2H3 cells have
shown that c-Cbl and Cbl-b play similar negative regulatory roles in FcεRI-mediated signaling. However, additional studies are needed to demonstrate a formal role of
Cbl proteins in promoting PTK ubiquitination and degradation in human basophils.

3. CONCLUSIONS
We have provided on overview of the mechanisms
through which Cbl proteins control the intensity and duration of FcεRI-generated signals.
Cbl-dependent receptor down-modulation occurs mainly by mean of Cbl ligase activity that promotes FcεRI β
and γ multiubiquitination providing signals for receptor
internalization and sorting into endocytic compartments,
a process required for receptor degradation.
Remarkably, Cbl proteins also negatively regulate the
expression level of PTKs, including Lyn and Syk, by the
selective ubiquitination and degradation of the activated
kinase forms.
In conclusion, Cbl ligase activities, by regulating the
half-life of activated receptor complexes and cytoplasmic
PTKs, may contribute to the down-regulation of FcεRImediated signaling leading to basophil and mast cell effector functions.
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