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Definition 

Cell activation results from the transient displacement of a balance of positive and negative 
signals that are constitutively generated in resting cells. This physiological balance can be 
displaced when cell surface receptors are engaged by extracellular ligands. Mast cells 
express a variety of membrane receptors that control the biological responses of these 
cells. These include activating receptors and inhibitory receptors. 

Activating receptors positively regulate biological responses of mast cells. Receptors for 
the Fc portion of immunoglobulins (FcR) such as high-affinity IgE receptors (FcRI) trigger 
an array of secretory responses including the exocytosis of preformed mediators, the 
generation of arachidonic acid-derived eicosanoids and the secretion of cytokines, 
chemokines and growth factors. FcRI do not trigger proliferative signals. Conversely, 
cytokine or growth factor receptors, such as Interleukin-3 receptors (IL-3R) or the Stem 
Cell Factor (SCF) receptor Kit, induce mast cell proliferation. They trigger no or minimal 
activation signals.  Inhibitory receptors negatively regulate biological responses induced by 
activating receptors. 

 

Activating and inhibitory receptors 

Activating and inhibitory receptors trigger signals when they are engaged by specific 
extracellular ligands. Except G Protein-Coupled Receptors (GPCR) that can trigger signals 
when binding monovalent ligands, most receptors trigger signals when aggregated by 
plurivalent ligands. Ligands with several identical binding sites or made of complexes of 
several identical molecules, aggregate identical receptors on the same cell. This homo-
aggregation applies to most activating receptors. Thus, FcRI are aggregated when a 
multivalent antigen binds to receptor-bound IgE. Because mast cells co-express several 
receptors and because many extracellular ligands consist of complexes of different 
molecules, different receptors may be co-engaged by a single ligand. This hetero-
aggregation may apply to different activating receptors or to activating and inhibitory 
receptors. In the first case positive signals generated by activating receptors can synergize. 
In the second case, negative signals generated by inhibitory receptors antagonize with 
positive signals generated by activating receptors. 

Activating receptors generate not only activation signals, but also inhibition signals. This 
can be unraveled by monitoring the release of granular mediators by mast cells sensitized 
with a constant amount of IgE antibodies and challenged with increasing concentrations of 
specific antigen. Mediator release dose-dependently increases up to an optimal 
concentration of antigen. Beyond this concentration, mediator release declines 
progressively and, in large excess of antigen, it is abrogated. This long-known bell-shaped 
dose-response curve was recently demonstrated to result from an active auto-inhibition of 
activating receptor signaling that limits mast cell activation beyond a given threshold 
(Huber, 2013).  

Inhibitory receptors generate inhibition signals only. They however need to cooperate with 
activating receptors in order to inhibit mast cell activation. Such cooperation is possible 
when extracellular ligands co-engage the two types of receptors on the same cell. IgG 
immune complexes, which can bind to FcRI-bound IgE antibodies via the antigen moiety 
and to the inhibitory low-affinity IgG receptors FcRIIB via the Fc portions of IgG 
antibodies, are such ligands. Activating and inhibitory receptors that are co-expressed by 
mast cells may have different specificities, such as FcRI and FcRIIB. Others, such as PIR-A 
and PIR-B, have the same specificity. They present themselves as pairs of activating and 
inhibitory receptors that are co-engaged by the same ligands.  
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Signaling mechanisms used by activating receptors 

 

Signal transduction by activating receptors. 

Signal transduction is the transformation of a mechanical perturbation, generated at the 
extracellular side of the plasma membrane, into a chemical perturbation, generated at the 
intracellular side of the membrane. The extracellular mechanical perturbation can consist 
in a conformational change or in the formation of receptor aggregates. The degree of 
aggregation depends on receptors and ligands. Kit or IL-3R is dimerized by SCF or IL-3, 
respectively. FcRI are generally aggregated by multivalent antigens when these bind to 
receptor-bound IgE. In the vast majority of cases, the intracellular chemical perturbation is 
a phosphorylation event that is made possible because receptor aggregation brings close to 
each other protein kinases and their substrates. The kinases and their substrates depend 
on the type of receptors involved. 

Growth factor receptors such as Kit are themselves tyrosine kinases, hence their generic 
name Receptor Tyrosine Kinases (RTK). Their intracytoplasmic domain contains both the 
enzyme, i.e. a tyrosine kinase catalytic domain, and its substrates i.e. multiple tyrosines that 
become phosphorylated by a trans-phosphorylation process when RTK are dimerized by 
growth factors (Lemmon and Schlessinger, 2010). 

Activating FcR contain Immunoreceptor Tyrosine-based Activation Motifs (ITAM) that are 
phosphorylated by src-family tyrosine kinases. These enzymes are especially abundant in 
sphingolipid/cholesterol-rich membrane microdomains into which engaged receptors 
transiently translocate. When phosphorylated, ITAM recruit molecules that possess Src 
Homology 2 (SH2) domain(s). SH2 domains have an affinity for specific 
tyrosylphosphorylated molecules, among which are cytosolic tyrosines kinases and 
adapter molecules (Siraganian, 2003).  

Other activating receptors, such as the SLAM family member 2B4, contain several 
Immunoreceptor Tyrosine-based Switch Motifs (ITSM), which, when phosphorylated, recruit 
SAP, an adapter molecule consisting of one SH2 domain (Veillette, 2010).  

The engagement of Toll-like receptors (TLR) enables the recruitment of adapter molecules, 
such as Myd88 and/or TRIF, which recruit the protein kinases IRAK and TBK1, respectively 
(Sandig and Bulfone-Paus, 2012).  

The engagement of cytokine receptors triggers the phosphorylation of transcription factors 
of the Signal Transducer and Activator of Transcription (STAT) family by Janus kinases 
(Jak) that are activated upon cytokine binding (Ihle et al., 1995).  

Ligand binding triggers conformational changes of the heterotrimeric G Protein-coupled 
Receptors. This enables guanoside diphosphate (GDP), with which inactive receptors are 
associated, to be exchanged for guanosine trisphosphate (GTP) with which activated 
receptors are associated. Further signal transduction depends on the type of G protein (Hur 
and Kim, 2002). 

Glycosylphosphatidylinositol (GPI)-anchored receptors have no intracytoplasmic domain. 
They, however, concur to cell signaling by trapping activating receptors in src kinase-rich 
lipid microdomains where they reside, or by engaging activating receptors through 
interactions with their extracellular domains (Suzuki et al., 2007).  
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Generation of signalosomes and intracellular propagation of activation signals. 

Whatever the receptors and the mechanisms by which initial signals were transduced, 
proximal signaling events enable the constitution of intracellular signalosomes that build 
up on scaffold proteins and in which signaling molecules are spatiotemporally organized. 
Molecules that are recruited and activated in signalosomes launch metabolic pathways, 
which ensure the intracellular propagation of signals from the membrane to the nucleus. 

These pathways lead to the generation of phopshatidylinositol 3,4,5-trisphosphate 
[PI(3,4,5)P3] by phosphatidylinositol 3-kinase (PI3K) and the subsequent membrane 
translocation of signaling molecules that have a Plextrin Homology domain, to the 
activation of various types of Protein Kinases (PKA, PKC…) and the subsequent activation 
of factors which, like NF-B, control transcription,  to the activation of small GTPases of the 
Ras, Rac and Rho families and the subsequent activation of Mitogen-Activated Protein 
(MAP) kinases, to an increased concentration of intracellular Ca2+ and the subsequent 
activation of Ca2+-dependent enzymes. Ultimately, these pathways end by the nuclear 
translocation of a variety of transcription factors and the subsequent transcription of 
cytokine genes.  

Most intracellular pathways that lead to gene transcription are shared by the various 
activating receptors. The nature of biological responses of the cell depends on 
combinations of transcriptional events that control the expression of genes that encode 
secretory products or molecules, such as cyclins, that control the cell cycle and, ultimately, 
cell proliferation. As a consequence, pathways that are activated simultaneously by 
different receptors can merge and/or interfere with each others. The integration of signals 
generated by different activation receptors generally leads to an amplification of activation 
signals whereas the integration of signals generated by activating and inhibitory receptors 
leads to the negative regulation of activation signals (Bezbradica and Medzhitov, 2012).   

 

Signaling mechanisms used by inhibitory receptors 

 

ITIM-containing inhibitory receptors 

The vast majority of inhibitory receptors contain one or several Immunoreceptor Tyrosine-
based Inhibition Motifs (ITIM) (Daëron et al., 2008). A hallmark of ITIM-containing 
molecules is that they become tyrosyl-phopshorylated, which enables them to recruit SH2 
domain-containing phosphatases that inhibit cell activation. SH2 domain-containing 
phosphatases are indeed the intracellular effectors of negative signaling by ITIM-
containing receptors. Depending on the receptor and on the phosphatase, the mechanisms 
of ITIM phosphorylation, the mechanism of phosphatase recruitment and the 
consequences of this recruitment differ. 

Four SH2 domain-containing phosphatases have been identified: the two lipid 
phosphatases SHIP1 and SHIP2 and the two tyrosine phosphatases SHP-1 and SHP-2. ITIM-
containing receptors recruit either SHIP1/2 or SHP-1/2. Both types of inhibitory receptors 
require to be co-engaged with activating receptors to inhibit, but for different reasons: 
coaggregation brings tyrosine kinases close to their substrates in the first case, whereas it 
brings tyrosine phosphatases close to their substrates in the second case.    

FcRIIB is the only bona fide ITIM-containing receptor that recruits SHIP1/2. These 
phosphatidylinositol 5-phosphatases have indeed an affinity for the phosphorylated 
FcγRIIB ITIM, but not for those of most other ITIM-containing inhibitory receptors. Also, 
FcRIIB, which have a single ITIM, cannot recruit the two-SH2 domain-containing SHP-1/2. 
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FcRIIB aggregation does not lead to ITIM phosphorylation. The coaggregation of FcRIIB 
with activating receptors does. Coaggregation indeed enables Src kinases that associate 
with activating receptors to phosphorylate also the ITIM in the inhibitory receptor. As a 
consequence, FcRIIB-dependent negative regulation does not operate in resting cells. It 
only operates when activation has been launched. Once recruited by phosphorylated, 
FcRIIB, SHIP1 can inhibit activation signals by at least two mechanisms. One depends on 
its enzymatic activity; the other does not. SHIP1 hydrolyzes the 5-phosphate group in the 
inositol ring of PI(3,4,5)P3, preventing thus PI(3,4,5)P3-dependent recruitment of critical 
signaling molecules. When phosphorylated, SHIP1 recruits a cytosolic adapter that recruits 
rasGAP, which inhibits Ras activation and, ultimately, prevents the transcription of 
cytokine genes. 

Other ITIM-containing receptors, i.e. most inhibitory receptors have more than one ITIM 
and they use the two-SH2 domain-containing tyrosine phosphatases to inhibit cell 
activation. Unlike FcRIIB, these receptors are constitutively associated with Src family 
tyrosines kinases. Their phosphorylation therefore requires that they are aggregated, but 
not that they are co-aggregated with activating receptors. When tyrosyl-phosphorylated, 
they recruit SHP-1/2, but not SHIP1/2. Coaggregation is necessary for these molecules to 
inhibit cell activation. Indeed, SHP-1/2 need to be brought close to their phosphorylated 
substrates for being able to act on them. The substrates of SHP-1 and/or SHP-2 include 
molecules that are present in the signalosome and whose phosphorylation is critical for 
both proximal and distal activation signals.  

 

Inhibitory receptors that do not contain ITIM  

Some receptors can use ITIM-independent mechanisms to negatively regulate mast cell 
activation. One of the ITSM of 2B4 can recruit various molecules involved in negative 
signaling. The OX-2 glycoprotein receptor CD200R contains no ITIM but a tyrosine-rich 
region which, upon phosphorylation can recruit SHIP1 via the recruitment of Dok1/2. G 
Protein-coupled receptors that activate adenylate cyclase, such as the adenosine receptors 
A2a and A2b and the PGE2 receptor EP2, can inhibit mast cell activation by increasing the 
intracellular levels of cyclic AMP. When engaged by the filarial protein ES-62, TLR-4 
sequesters Protein Kinase C and inhibits FcRI signaling. Transforming Growth Factor  
down-regulates FcRI expression by inhibiting the synthesis of FcRI, FcR and FcR at 
the translational level. The member of the TIR domain-containing superfamily of TLR family 
and IL-1 receptors, IL-33 receptor (aka ST2) inhibits IL-4R signaling by interacting with the 
adapters MyD88 and Mal.    

 

Activating and inhibitory receptors expressed by mast cells 

 

Activating receptors 

Activating receptors expressed by mast cells are listed in Table 1 (Migalovich-Sheikhet et 
al., 2012, Gilfillan and Tkaczyk, 2006). They belong to several families of receptors: the 
Immunoglobulin Superfamily (IgSF), the GPCR family, Cytokine receptors, TLR and GPI-
linked receptors. 

IgSF receptors comprise RTK that possess themselves a tyrosine kinase domain and ITAM- 
or ITSM-containing receptors that recruit tyrosine kinases. Mast cell RTK include receptors 
for growth factors such as SCF and Vascular-Endothelial Growth Factor. They promote 
mast cell proliferation. ITAM-containing receptors expressed by mast cells are receptors 
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for the Fc portion of antibodies. They include the high-affinity IgE receptors FcRI and the 
low-affinity IgG receptors FcRIIA in humans and FcRIIIA in mice. The high-affinity IgG 
receptors FcRI can be induced by IFN- in human but not in mouse mast cells. Whatever 
their specificity, these FcR trigger mast cell activation when engaged by antibodies and 
antigen. ITSM-containing receptors are the SLAM family member 2B4 that can be engaged 
either by 2B4 through homotypic aggregation, or by other SLAM family members through 
heterotypic aggregation, on the same or on different membranes.   

A heterogeneous group of GPCR comprise receptors for chemokines, lipid mediators, 
vasoactive amines, sphingosine phosphate, adenosine, neuropeptides and anaphylatoxins. 
Most of these receptors can induce mast cell secretion. Some, like leukotriene receptors, 
induce mast cell proliferation. Others, like chemokine receptors, trigger mast cell 
chemotaxis. They thus mediate the recruitment of mast cells in inflammatory sites. 
Endothelins are a family of vasoactive peptides that can both be produced by mast cells and 
activate mast cells through the endothelin receptors ETA. Mast cells, however, also produce 
proteases that degrade endothelin. 

Mast cell cytokine receptors include IL-3R, IL-4R, IL-5R and TSLP/IL-7R. They trigger mast 
cell differentiation and proliferation. Toll-like receptors such as TLR-2 and TLR-4 induce 
mast cell to secrete cytokines but not to degranulate when engaged by endotoxins or other 
bacterial products.  

Several GPI-anchored receptors have been reported to trigger mast cell responses. Thus, 
the urokinase-type plasminogen activator receptor (uPAR, CD87) induces human mast cell 
chemotaxis. Various bacteria bind to CD48 and trigger phagocytosis and cytokine secretion. 
CD48 can also be engaged by 2B4, a member of the SLAM family that is co-expressed by 
mast cells, and trigger cell activation.  

Activating receptors can also generate negative signals that inhibit mast cell activation. 
FcRI signaling is regulated by SHIP1 in the absence of inhibitory receptor engagement 
(Huber, 2013). IgE-induced secretory responses are markedly enhanced in SHIP1-/- mast 
cells, and SHIP1 is dose-dependently tyrosyl-phosphorylated when FcRI-bound IgE are 
engaged by increasing concentrations of antigen in wild-type mast cells.  The mechanism 
by which FcRI recruits SHIP1 in this auto-regulation is unclear. Likewise, 2B4 can activate 
mast cells when engaged by members of the CD2 family such as CD48. 2B4, however, also 
generates inhibitory signals. 2B4 indeed contains four ITSM, three of which recruit 
molecules that concur to cell activation whereas one of them recruits SHP-1/2, SHIP1 and 
Csk that inhibit cell activation (Veillette, 2010).   

  

Inhibitory receptors 

Inhibitory receptors expressed by mast cells are listed in Table 2 (Migalovich-Sheikhet et 
al., 2012). Three groups of receptors can be distinguished: ITIM-containing inhibitory 
receptors that use the lipid phosphatases SHIP1/2, ITIM-containing inhibitory receptor 
that use the protein phosphatases SHP-1/2 and inhibitory receptors that have no ITIM 
(Daëron et al., 2008). 

FcRIIB are the only ITIM-containing receptors that recruit SHIP1/2. The co-engagement of 
FcRIIB with FcRI or with FcRIIIA by antigen-antibody complexes on mouse mast cells 
dramatically inhibits all IgE- or IgG-induced responses (Daëron et al., 1995). The co-
engagement of FcRIIB with Kit inhibits SCF-induced mouse mast cell proliferation (Malbec 
et al., 1999). Although high amounts of FcRIIB that have a major dominant inhibitory 
effect on IgG- and IgE-induced activation were found in human basophils, FcRIIB 
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expression is questionable on human mast cells. It may differ markedly on mast cells from 
different tissues. Human cord blood-derived mast cells were indeed reported to express 
FcRIIB, but not skin-derived human mast cells.  

The co-engagement of FcRI with all other ITIM-containing receptors also inhibits mast cell 
activation. These inhibitory receptors include Siglec, which binds to sialic acid, SIRP, 
which binds to the widely express CD47, the MCH class I receptors PIR-B, ILT/LIR and 
NKG2A, PECAM-1 which aggregates with itself, LAIR-1, which bind to collagen, CD72, which 
binds to CD5, gp49B1 that binds to integrins, CD300/MAIR that binds to phosphatidyl 
serine, phosphatidyl ethanolamine and ceramides on dead cells, and Allergin-1, whose 
ligands are unknown. All these receptors contain more than one ITIM. This enables them to 
recruit the two-SH2 domain-containing tyrosine phosphatases SHP-1 and/or 2. 

Inhibitory receptors with no ITIM include receptors for cytokines, such as the IL-10R and 
the IL-33 receptor ST2, the transforming growth factor TGF receptor1, the adenosine 
receptors A2a and A2b, the prostaglandin E2 receptor EP2, CD200R that binds to the 
glycoprotein OX-2 (CD200), expressed by a broad range of tissues including lymphoid cells, 
neurons and endothelium, and TLR-4, which inhibits FcRI signaling when engaged by the 
filarial protein ES-62.   

 

Mast cell receptors in health and disease 

Inflammation is a physiological defense mechanism. It involves the many myeloid cells that 
function as the cellular effectors of innate and adaptive immune responses. Mast cells are 
among these cells. These can be activated by microbial products and by a variety of other 
molecules in innate immunity or by molecular effectors of adaptive immunity via cytokine, 
chemokine and Fc receptors (Newton and Dixit, 2012). Normally, inflammation is tightly 
controlled and remains unapparent. It can be pathogenic if it escapes from regulation. 
Autoimmunity and allergy are examples of pathological inflammation generated by not 
properly controlled immune responses. Mast cells have been implicated in both conditions. 
A well-controlled balance between activating and inhibitory receptors therefore 
determines whether mast cells contribute to protective immunity or to pathogenic 
immunity (Gilfillan and Beaven, 2011). Human mast cells, however, were involved in 
various pathological processes (Bischoff, 2007).  

 

Mast cell receptors in protective processes 

Although they are mostly known for their pathogenic properties, mast cells have been 
increasingly recognized to have protective roles. Several mast cell TLR are involved in the 
protection against microorganisms, as mast cell-deficient mice were markedly more 
sensitive to infection by several pathogens, especially Gram-negative bacteria. This 
protection primarily depends on TLR-induced TNF- secretion. Interestingly, nematodes 
that express ES62, a protein produced by parasitic roundworms, were reported to 
modulate mast cell-dependent inflammation. Mast cells were found to protect from 
honeybee, snake, lizard and scorpion venoms. Venoms indeed induce mast cell 
degranulation via the endothelin receptor ETA and they are degraded by proteases 
contained in granules released by activated mast cells. Urokinase can protect from 
bronchial obstruction by promoting fibrinolysis through mast cell urokinase-type 
plasminogen activator receptors. As they bind to lipids expressed by the membrane of dead 
cells, CD300/MAIR have been proposed to contribute to the removal of apoptotic cells.    
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Mast cell receptors in pathogenic processes 

Activating receptors expressed by mast cells have been involved in pathological mast cell 
proliferations, chronic inflammation, anaphylaxis, allergy (Galli and Tsai, 2012) and 
autoimmunity. 

Kit is essential for mast cell proliferation and differentiation, particularly into serosal-type 
mast cells. Gain-of-function mutations of Kit are responsible for the uncontrolled 
proliferation of mast cells in mastocytosis and mastocytomas (Gotlib et al., 2013). 

Inflammation involves the attraction of numerous cells at inflammatory sites. Altogether, 
chemokine receptors attract mast cells by stimulating chemotaxis in response to a variety 
of chemoattractants. By acting on mast cell purinergic receptors, adenosine present in 
extracellular fluid contributes to asthma symptoms. Adenosine indeed provokes a mast-
cell-dependent broncoconstriction in asthmatic and chronic obstructive pulmonary disease 
patients (Rudich et al., 2012). Corticotropin-releasing hormone receptors are thought to 
account for stress-induced inflammation and stress-enhanced allergic reactions. The 
engagement of neuropeptide receptors by substance P activates human skin mast cells and 
are involved in the pathogenesis of urticaria (Nakamura et al., 2009).  

Anaphylaxis is a hyperacute systemic allergic reaction. IgE-induced, FcRI-dependent mast 
cell activation accounts for IgE–induced passive anaphylaxis, and it is well known to 
initiate allergic reactions.  IgG antibodies, however, are also potent inducers of anaphylaxis 
(Jonsson and Daëron, 2012). Both types of reaction are dampened by FcRIIB. Likewise, 
gp49B1 protects from anaphylaxis. gp49B1-deficient mice indeed exhibited enhanced IgE-
induced anaphylactic shocks. The recently described ITIM-containing receptors of the 
CD300 family were found to act as potent negative regulators of anaphylaxis and of other 
FcRI-dependent allergic reactions (Borrego, 2013). By enhancing IgE-induced mast cell 
activation, Platelet-Activating Factor (PAF) can aggravate allergic reactions. By activating 
airway mast cells directly, it can contribute to bronchospasm in anaphylaxis. PAF plasma 
levels are increased in patients undergoing anaphylaxis. The anaphylatoxins C3a and C5a 
are generated during anaphylaxis and the level of C3a correlates with the severity of the 
shock. C5a, but not C3a, behaves as a  skin mast cell secretagogue in humans (Schafer et al., 
2013). Sphingosine receptors are likely to be involved in anaphylaxis as their blockade 
reduced circulating histamine levels in mast cell-dependent mouse anaphylaxis. Serotonin 
receptors expressed by human mast cells were involved in allergic contact eczema, atopic 
eczema and psoriasis. Finally, histamine can activate mast cells via H4-R and induce 
leukeutriene B4 secretion. Mast cells, however, also express H2-R through which histamine 
can inhibit mast cell activation. The interplay between these two receptors can therefore 
control the effects of histamine on mast cells. 

Mast cells have been involved in several systemic autoimmune diseases that depend on 
autoantibodies (Sayed et al., 2008). The engagement of IgG receptors that have antagonistic 
properties, may critically determine the clinical outcome. Thus, the reconstitution of mast 
cell-deficient mice with mast cells from mice lacking activating FcR failed to restore 
experimental encephalomyelitis, while reconstitution by mast cells from FcRIIB-deficient 
mice enhanced the disease. 

 

Mast cell receptors in therapeutics 

The many pathological processes in which mast cell receptors are involved make them 
potential targets/tools in therapeutics for a variety of diseases.  Conceivably, one can aim 
at dampening activation signals whose excess causes mast cell–dependent pathological 
effects and/or at enhancing inhibition signals that insufficiently control mast cell 
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activation. Conversely, one can aim at enhancing activation signals involved in mast cell-
dependent protective processes and/or at dampening inhibitory signals. One can therefore 
imagine all kinds of theoretical interventions that could have beneficial effects in disease. 
Below are mentioned only examples of therapeutic approaches that have been used in the 
clinics or, at least, the proof of concept of which has been demonstrated in animal models. 
These treatments comprise chemical inhibitors of receptor signaling, natural ligands of 
mast cell receptors, antibodies against receptors, whether used as antagonists or as 
agonists, antibodies against receptor ligands, and bi-specific molecules that co-engage 
different receptors.  Symptomatic treatments that aim at inhibiting the pharmacological 
effects of mast cell mediators by targeting corresponding receptors on other cell types are 
not considered here.     

As it is caused by an uncontrolled Kit activation, clinical trials based on the use of tyrosine 
kinase inhibitors have been conducted in mastocytosis patients. Globally, the results have 
not met expectations. Possible reasons are that multiple Kit mutations have been found in 
mastocytosis, all of which may not be sensitive to inhibitors. A small molecule that inhibits 
Syk was found to inhibit IgE-induced mouse mast cell activation in vitro and, when 
administered orally, experimental anaphylaxis in vivo. Allergen-driven symptoms were 
reduced in allergic rhinitic patients exposed to pollen following intranasal dosing of a Syk 
inhibitor. Antihistamine receptors have long been used in allergy. Although they probably 
also act on mast cell receptors, their therapeutic effect likely depends more on their action 
on histamine receptors expressed by the many cells involved in allergic inflammation.     

An example of the use of natural ligands of mast cell receptors in therapeutics is the 
thrombolytic effects of low-doses of urokinase that has been proposed to treat patients 
with massive pulmonary emboli. Here again, the action of the drug on mast cells is likely to 
be a minor contribution to the therapeutic effect.  

The best example of an efficient therapeutic antibody that targets a ligand of mast cell 
receptors is anti-IgE. This humanized monoclonal anti-human IgE is directed against an 
epitope located in the binding site of IgE that interacts with FcRI. It was conceived as a 
mean to prevent the binding of antibodies to IgE receptors on mast cells. It turned out to 
act differently. It was indeed found to remove most of plasma IgE, leading to a dramatic 
downregulation of FcRI expressed by mast cells and other cells. Receptor occupancy by 
IgE indeed markedly increases the FcRI half-life on the cell membranes. Consequently, in 
the absence of IgE, unoccupied FcRI are rapidly degraded and they are virtually removed 
from the surface of mast cells and basophils. More than 10 years of use proved anti-IgE 
antibodies to be an efficient treatment of several allergic conditions associated with low to 
moderately elevated IgE levels.  

Antibodies can be used as agonists rather than as blockers. Thus, antibodies directed 
against the inhibitory receptor CD200R before antigen challenge were reported to inhibit 
experimental Passive Cutaneous Anaphylaxis in mice and macaques.  

Finally, attempts have been made to use bispecific molecules that co-engage FcRI with 
inhibitory receptors. Three types of molecules have been used to co-engage FcRI with 
FcRIIB. One was a genetically engineered fusion molecule made of the C-terminal domains 
of a human IgE and the C-terminal domains of a human IgG1. Another was a fusion protein 
made of a major cat allergen and the C-terminal domain of a human IgG1. A third molecule 
was made by chemically coupling a Fab fragment from an anti-IgE antibody directed 
against an epitope outside of the binding site to FcRI (hence accessible on FcRI-bound 
IgE) and a Fab fragment of an anti-human FcRII. Proof of concept validation was obtained 
for the three molecules in experimental models. A similar approach was attempted that 
aimed at co-engaging FcRI with CD300/MAIR. A bispecific antibody fragment linking 
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CD300a to FcεRI-bound IgE abolished IgE dependent PCA and antigen-induced acute 
experimental asthma. Interestingly, bispecific antibody fragments that crosslinked CD300a 
with Kit or with CCR3 abrogated mast cell-dependent inflammatory processes, in vitro and 
in vivo.  

 

Conclusion 

Present throughout the body, mast cells are involved in a variety of processes. Although 
mast cell-dependent pathogenic processes are better known, mast cell-dependent 
protective processes are increasingly recognized. Noticeably, mast cells are among the few 
cells whose activation can lead to death within minutes. Under physiological conditions, 
however, mast cell activation remains unapparent. All things considered, it therefore 
makes sense that mast cell activation be tightly controlled. The many receptors expressed 
by mast cells that trigger positive and negative signals can account for this control. As a 
consequence, either a failure of receptors to fulfill their task or an excess of their activity, 
may affect the balance that keeps mast cell activation within the limits of physiology. A 
better knowledge of mast cell receptors and of their functioning is essential to unravel the 
etiology of inflammatory diseases such as allergy and to devise new therapeutic tools that 
will hopefully treat causes rather than symptoms.     
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Table 1: Activating receptors expressed by mast cells. 
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Table 2: Inhibitory receptors expressed by mast cells. 
 
 
 
 
 
 
 
 


