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Mast cells play an important role in allergic lung inflammation in asthma, contributing to both the
early-phase reaction as well as the late-phase reactions of asthma through the release of numerous agents
[1]. Mast cell precursors from the blood migrate to and embed themselves into the airway wall, including
within airway smooth muscle (ASM) bundles [2, 3], where they are exposed to a host of local factors that
cause them to “mature” into a critical immunomodulatory cell [4]. Cromylyn sodium, based on its
presumed ability as a “mast cell stabiliser”, was once a popular asthma drug (and preferred for children),
before corticosteroids and cysteinyl leukotriene (CysLT) receptor antagonists emerged as the drugs of
choice for managing lung inflammation [5].

In addition to coordinating the progression, nature and resolution of allergic inflammation in the
asthmatic lung, mast cells can directly promote ASM contraction and bronchoconstriction by releasing
agents (e.g. CysLTs, histamine) that serve as contractile agonists. The best-characterised mechanism by
which mast cells secrete pro-contractile agonists is via activation of the high affinity immunoglobulin E
(IgE) receptor, FcεRI. Airway IgE levels are elevated during allergic lung inflammation associated with
asthma, causing mast cell FcεRI activation and release of contractile agonists (primarily CysLTs and
histamine in human mast cells) that cause ASM contraction and thus bronchoconstriction (as reviewed
previously [6]). This in vivo effect can be deduced from multiple rodent and human studies, and can be
validated in cell- and tissue-based studies. Airway contraction evidenced in human precision cut lung
slices (PCLS) caused by FcεRI crosslinking was partially inhibited by either the CysLT1 receptor
antagonist montelukast or the antihistamine fexofenadine, whereas inhibition of spleen tyrosine kinase Syk
(which is absent in human ASM) effectively ablated the contraction while almost totally blocking the
FcεRI-mediated release of histamine and CysLTs [7].

IgE/FcεRI-independent mechanisms of mast cell activation also exist and can mediate
bronchoconstriction, although such mechanisms are not as well-delineated as those involving IgE/FcεRI.
One mechanism of ASM contraction speculated to utilise IgE/FcεRI-independent mast cell activation
involves transient receptor potential vanilloid 4 (TRPV4). TRPV4, a calcium-permeable cation channel,
can be activated by a wide range of stimuli, including osmotic stress, low pH, arachidonate products,
mechanical stimuli and heat [8]. TRPV4 is widely expressed (although not on mast cells) and has been
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well-characterised with respect to mechanisms mediating pain and oedema. It is also an intriguing
regulator of airway function. TRPV4 plays a role in cough, as TRPV4 agonists depolarise the human vagus
nerve and stimulate Aδ fibres, and cause cough in conscious guinea pigs, all effects blocked by a TRPV4
antagonist [9]. TRPV4 is also expressed on ASM, and TRPV4 agonism has been shown to increase ASM
intracellular calcium [10] and cause contraction of guinea pig and human airways ex vivo [11].
MCALEXANDER et al. [11] demonstrated the airway contraction by TRV4 agonism to be entirely dependent
on CysLTs, being blocked by the CysLT type 1 receptor antagonist montelukast, but given the lack of any
published evidence linking TRV4 and CysLT production, how TRPV4 on ASM could cause
CysLT-dependent contraction remained a puzzle.

Trying to make some sense of it all, BONVINI et al. [12] employed a creative combination of cell, tissue and
in vivo models to delineate a complex intercellular communication by which TRPV4 activation causes
bronchoconstriction. After establishing the ability of TRPV4 agonist GSK1016790A to increase airway
resistance in conscious guinea pigs, the pro-contractile effect of GSK1016790A on ASM was demonstrated
in organ bath studies using tracheal tissue preparations isolated from both guinea pig and human lung.
These in vivo and ex vivo effects were all inhibited by pretreatment with the TRPV4 antagonist
GSK2193874. Consistent with the findings of MCALEXANDER et al. [11], both CysLT1R antagonism
(montelukast) as well as 5-LO inhibition (zileuton) inhibited the TRPV4-stimulated contraction of human
ASM tissue, confirming the role of CysLTs. In cultured human ASM cells, GSK1016790A increased
intracellular calcium. To assess the capacity of this induction of calcium to promote ASM contraction, the
authors employed a novel imaging technique, ptychography. Ptychography is a label-free microscopy
technique that analyses three-dimensional characteristics of the cell to provide a measure of cell
contraction concomitant with assessment of changes in intracellular calcium. Somewhat surprisingly,
ptychography revealed that the GSK1016790A-induced increase in intracellular calcium did not cause cell
contraction in cultured ASM. Because human mast cells lack TRPV4, these results suggested that
activation of TRV4 on human ASM causes the release of a mediator that activates mast cells.

Subsequent experiments demonstrated GSK1016790A stimulated ATP release from human ASM cells in
culture. Exogenous ATP could be shown to stimulate contraction of human ASM tissue in organ bath
studies, and this effect was blocked by both montelukast and zileuton. Using a battery of subtype-selective
purinergic receptor antagonists, the pro-contractile effect of GSK1016790A in co-cultures on human ASM
and mast cells, and in human airway tissue, was inhibited only by the P2X4 receptor antagonist 5BDBD.

A final set of experiments sought to establish the physiological/pathophysiological relevance of this elegant
intercellular cross-talk mechanism (figure 1). Because protease-activated receptor 2 (PAR2) is known to
couple to and gate TRPV4 [13], and also be expressed on human ASM [10], the authors tested the ability
of the endogenous PAR2 agonist trypsin to replicate the effect of GSK1016790A. Indeed, trypsin
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FIGURE 1 Transient receptor potential vanilloid 4 (TRPV4)-mediated airway smooth muscle (ASM) contraction
via mast cell–ASM crosstalk. TRV4 channels on ASM are gated either directly via synthetic agonists or via ASM
protease-activated receptor 2 (PAR2) activation. TRV4 activation results in ATP secretion by ASM, activation of
mast cell P2X4 receptor and release of cysteinyl leukotrienes (CysLTs) by mast cells embedded within the
airway. The paracrine/juxtacrine CysLTs activate CysLT1 receptors (CysLT1R) on ASM, resulting in ASM
contraction.
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stimulated contraction of human ASM tissue was blocked by GSK2193874, montelukast and 5BDBD, as
well as by the serine protease inhibitor camostat mesylate.

The findings of BONVINI et al. [12] provide important insight into the role of the mast cell in
allergen-independent processes capable of causing bronchoconstriction in diseases such as
exercise-induced asthma, in which bronchoconstriction is believed to be caused by hyperosmolarity/
thermal changes of the airway lining associated with ventilation of cool, dry air [14]. In addition, one
could also speculate that this same PAR2/TRPV4/ATP/P2X4/CysLT axis could play a role in
bronchoconstriction associated with fungal infection/colonisation of the lung, given the known ability of
protease activity in certain fungi (e.g. Alternaria alternata) to activate PAR2 [15]. Gastro-oesophageal
reflux disease, or microaspiration of acid from various sources, could also activate TPRV4 on ASM to
induce bronchoconstriction. And although many of these conditions also possess an allergic component
capable of allergen activation of mast cells, it is conceivable that a TPRV4-dependent allergen-independent
mechanism could act in concert with allergen-dependent activation of mast cells to affect the initiation,
magnitude and duration of mast cell effects.

From a more basic science perspective, the finding that TRPV4-mediated calcium increases in ASM fail to
directly promote cell contraction, as originally assumed by JIA et al. [10], provides further evidence that
compartmentalisation of calcium dictates the functional consequences of calcium. Whereas historically,
increases in intracellular calcium in ASM cells have been reflexively interpreted as a procontractile signal,
there are now numerous examples in which this is clearly not the case. In some instances, increases in
intracellular calcium appear to cause relaxation of ASM. In the case of ASM bitter tastant receptor
activation [16], intracellular calcium increases relax ASM likely via intracellular actions involving either
actin cytoskeleton depolymerisation [17], gating of large-conductance Ca2+-activated K+(BKCa) channels
[16], or the regulation of other intercellular calcium pools that regulate calcium-dependent cross bridge
cycling [18, 19]. In the case of BK1 bradykinin receptor and possibly the proton-sensing receptor OGR1/
GPR68, calcium-dependent signalling linked to PKC activation and cyclooxygenase activation produces
prostanoids that act in an autocrine manner to relax ASM via PKA-activating EP/IP receptors [20–23]. In
the case of TRPV4 effects on ASM, calcium signalling is uncoupled from (direct) regulation of contraction,
causing ASM to function instead as an exocrine cell.

Lastly, the establishment of this novel intracellular crosstalk mechanism mediating ASM contraction
further advances TRPV4 as an important regulatory molecule in lung physiology. As noted above, TRPV4
is activated by diverse stimuli, and has been implicated in cough, asthma, COPD, pulmonary fibrosis,
pulmonary hypertension, lung oedema, and protection from bacterial pneumonia and ventilation-induced
lung injury (as reviewed previously [8]). The growing literature implicating TRPV4 in multiple disease
processes strongly suggests a future role for therapeutic agents targeting TRPV4.
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