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How do basic secretagogues activate mast cells?
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Mast cells play a critical role in the pathogenesis of anaphy-
laxis (DeBruin et al. 2015). Upon activation, mast cells release
a number of pro-inflammatory mediators that together induce
bronchoconstriction, angioedema, particularly in the oral cav-
ity and the larynx, and a drop in blood pressure. Mast cell
activation is either induced via an allergen-IgE-dependent
mechanism or an IgE-independent mechanism. The latter
mechanism is also referred to as pseudo-allergy (Wang et al.
2011). A recent letter published inNature (McNeil et al. 2014)
rekindled the interest in the molecular mechanisms underlying
pseudo-allergy.

Pseudo-allergic reactions can be induced by a number
of clinically used drugs including non-depolarizing mus-
cle relaxants, peptide drugs, quinolone antibiotics, and
morphine, and certain insect venoms (Wang et al. 2011).
The cationic-amphiphilic wasp venom mastoparan is
considered as a prototypical mast cell activator (Mousli
et al. 1990a). Another mast cell activator broadly
employed in experimental pharmacology and immunol-
ogy is “compound 48/80,” a polymer produced by the
condensation of N-methyl-p-methoxyphenethylamine and
formaldehyde. Pseudo-allergic reactions upon exposure
to drugs or wasp venoms can be life-threatening. The
α- and β-adrenoceptor agonist adrenaline constitutes a
life-saving symptomatic treatment for anaphylaxis
(Fleming et al. 2015). However, it would be very desir-
able to prevent pseudo-allergic reactions in the first
place. Therefore, it is important to understand the mo-
lecular mechanisms underlying pseudo-allergic reactions.

A common structural property of pseudo-allergy-inducing
compounds is that they are all basic and contain hydrophobic
domains. Accordingly, the compounds are globally classified
as cationic-amphiphilic drugs (CADs) or basic secretagogues.
In the late 1980s to the mid-1990s, numerous research groups
invested a lot of effort to delineate the molecular mechanism
of action of CADs. Seminal studies were performed with rat
mast cells (Mousli et al. 1989; Aridor et al. 1990; Bueb et al.
1990) due to the very limited availability of native human
mast cells. In addition, as substitute for human mast cells,
several studies were performed with human neutrophils and
HL-60 leukemia cells, constituting well-established and well-
understood myeloid model cell types (Perianin and
Synderman 1989; Norgauer et al. 1992; Klinker et al. 1994).
In aggregate, these studies suggested that CADs activate my-
eloid cells by a G-protein-coupled receptor (GPCR)-like but
nonetheless GPCR-independent mechanism, involving, at
least in part, pertussis toxin-sensitive Gi-proteins.

In 1988, Higashijima et al. reported that mastoparan is ca-
pable of activating purified Gi- and Go-proteins directly.
Follow-up studies corroborated the concept and demonstrated
that numerous CADs act in a similar manner as mastoparan
(Higashijima et al. 1990; Mousli et al. 1990b; Hagelüken et al.
1995a; Breitweg-Lehmann et al. 2002). Elegant mechanistic
studies identified the interaction sites of mastoparan on G-
proteins and revealed that mastoparan acts as a GPCRmimetic
to promote GDP dissociation from G-protein α-subunits
(Higashijima et al. 1990; Weingarten et al. 1990;
Higashijima and Ross 1991; Tanaka et al. 1998). Overall,
the CAD studies with purified G-proteins corroborated the
conclusions of studies obtained with intact cells. No GPCR
was required to explain myeloid cell activation by CADs.

Due to their physiochemical properties, mastoparan and
related CADs can exert pleiotropic effects such as changes
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in membrane fluidity, increases in cell permeability, and acti-
vation of non-specific nucleotidases and nucleoside
diphosphokinases (Denker et al. 1991; Klinker et al. 1994;
de Azevedo et al. 2014). While a certain degree of G-protein
and cell type specificity of the pharmacological effects of
CADs could be obtained (Higashijima et al. 1990;
Hagelüken et al. 1995b; Sukumar et al. 1997) and G-
proteins were suggested to constitute pharmacological targets
on their own right, the pleiotropic actions of CADs and neg-
atively charged G-protein inhibitors were a serious concern
(Freissmuth et al. 1999). For these reasons, very little research
has been performed in the field since then.

McNeil et al. (2014) have now identified a mast cell-
specific GPCR in mice, referred to as Mrgrb2, which is acti-
vated by CADs andmediates pro-inflammatory reactions such
as histamine release from mast cells, airway constriction, and
paw edema in vivo as shown by receptor knock-out studies.
The authors also report that the human ortholog of this recep-
tor, MRGRX2, is activated by CADs. Based on these data,
McNeil et al. (2014) proposed that CADs mediate their
pseudo-allergy-inducing effects via a mast cell-specific
GPCR. Such a mechanism would open the door for the devel-
opment of allergy-preventing antagonists, specifically in light
of the fact that MRGRX2 is expressed only in mast cells but
not peripheral white blood cells.

Thus, there are now two hypotheses of how CADs could
activate mast cells, but which one is correct? In their paper,
McNeil did not discuss the G-protein hypothesis of CAD ac-
tion. In Extended Data Fig. 10 (panel b), the authors show that
siRNA against MRGRX2 only partially reduces activation by
CADs of cultured human LAD2 mast cells. This finding is
compatible with the notion that both GPCR-dependent and
GPCR-independent mechanisms are involved in the process.
This assumption is supported by the fact that the inhibitory
effect of the siRNA is stimulus dependent. For example, the
effect of mastoparan is more resistant to inhibition than the
effect of compound 48/80. McNeil et al. transfected HEK293
cells with Mrgrb2 or MRGRX2 and the pertussis toxin-
insensitive “universal” G-protein G15 (Offermanns and
Simon 1995) to induce rises in intracellular calcium. For re-
constitution of the canonically Gi-coupled histamine H4-re-
ceptor and the canonically Gq-coupled histamine H1-receptor
in HEK cells in terms of calcium signaling, co-transfection
with a universal adapter G-protein is not necessary
(Beermann et al. 2014). However, it is possible that coupling
of Mrgrb2 and MRGRX2 to the endogenous G-proteins in
HEK cells is not efficient enough to elicit a calcium signal.
McNeil did not discuss the possible physiological G-protein
coupling of Mrgrb2 or MRGRX2. In addition, it was not ex-
plicitly reported by McNeil et al. (2014) whether CADs ex-
hibited stimulatory effects in non-transfected HEK293 cells.

To further complicate the situation, CADs often shown
complex concentration-response curves, e.g., with Hill

coefficients >>1 (reflecting cooperative binding to the target
protein), and curves can be biphasic (reflecting toxic and/or
non-specific effects at higher concentrations) or do not reach
saturation altogether (Higashijima et al. 1988, 1990; Klinker
et al. 1994; Hagelüken et al. 1995a; Breitweg-Lehmann et al.
2002). The concentrations of mastoparan used by McNeil
et al. (2014) to activate Mrgrb2 or MRGRX2 are in the same
range as the concentrations typically used to activate G-
proteins directly (Higashijima et al. 1990), rendering discrim-
ination of the two targets based on ligand-selectivity impossi-
ble. From the paper of McNeil et al. (2014), it is not clear that
all of the necessary control experiments with non-transfected
cells, cells with just receptor, or G-protein alone and with
complete concentration-response curves of CADs in control
groups were performed to rule out receptor-independent G-
protein activation by CADs.

In conclusion, the field of mast cell activation by CADs,
after long dormancy, has been recently revived, and an intrigu-
ing new mechanism of action has been proposed. However, it
is too early to dismiss the compelling evidence accumulated
by several groups a long time ago that CADs bypass GPCRs
to induce mast cell activation. It is reasonable to assume that
both GPCR-dependent and GPCR-independent mechanisms
are involved in CAD-induced pseudo-allergy. For 2-
phenylhistamines, histamine H1-receptor-dependent and H1-
receptor-independent G-protein-mediated effects have already
been documented (Hagelüken et al. 1995b; Seifert et al. 1994,
2013). Understanding the mechanism of CAD action is not
only of academic interest but also of therapeutic relevance
because direct G-protein activation is expected to be less ac-
cessible to pharmacological intervention than GPCR-
mediated mechanisms.
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