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New Tricks for an Old Dog: Biased GPCR Agonism of an M4
Muscarinic Acetylcholine Receptor Antagonist in Airway Smooth
Muscle Cells

In this issue of the Journal, Tompkins and colleagues (pp. 550–561)
describe a novel pharmacological property of PD 102807 with
potential clinical implications in obstructive lung diseases (1). Back in
1997, two different labs originally described PD 102807 as a selective
M4mAChR antagonist by combining radioligand binding assays in
mAChR overexpressing Chinese hamster ovary cells and functional
assays performed in various rodent tissues (2, 3). Since then,
additional studies have indeed confirmed the M4mAChR selectivity
of PD 102807 (4). The current report by Tompkins and colleagues is
unique as it is the first to demonstrate that PD 102807 can exert non-
M4 activities by acting as a biasedM3mAChR ligand on the basis of
a set of carefully designed experiments on HEK293 cells and hTERT-
immortalized airway smooth muscle (ASM) cells. The choice of
using immortalized ASM cells over the traditional primary cells
could be called into question with respect to the physiological
relevance. However, this cellular model represents the best option to
study the function of M3mAChR in ASM cells that otherwise
would be impossible in primary cells because of the loss of the
receptor expression (and hence function) (5). The authors have
provided convincing arguments showing the ability of PD 102807 to
trigger M3mAChR-biased signaling in ASM cells by preferably
activating M3-GRK2 and 3–b-arrestin–dependent pathways
independently of the canonical M3-Gq/calcium signaling. Although
these findings were derived from cell-based studies, there are a
number of exciting lessons that can be drawn from their work
(summarized in Figure 1).

From a clinical point of view, the first obvious one would be to
suggest that biasedM3mAChR ligands might represent novel
therapeutic approaches for the treatment of lung diseases. As stated
by the authors, biased ligands are already being evaluated at various
development stages for different human conditions ranging from
preclinical to phase III studies, with carvedilol being the only biased
drug approved for the treatment of congestive heart failure (6). In this
study, Tompkins and colleagues demonstrate that PD 102807 not
only antagonizedM3-Gq–dependent procontractile pathways (i.e.,
calcium) but also suppressed TGFb signaling and its procontractile
function (contractility and aSMA) via Gq-independent pathways
(i.e., GRK2 and 3–b-arrestin–AMPK). Interestingly, others using the
same model of immortalized ASM cells have shown that M3 AChR
engagement with methacholine led to an enhancement of the
procontractile effects of TGFb (7). Twomain conclusions could be
drawn from this latter study. The first is that PD 102807 is able to
effectively use distinct signaling pathways to prevent TGFb

deleterious responses, and the second is that depending on the type of
ligands (cognate vs. biased), engagement of M3 AChR in ASM cells
has the potential to trigger two completely opposite outcomes
(i.e., detrimental vs. therapeutic). One can therefore postulate that
biasedM3mAChR ligands have the potential to alleviate excessive
bronchoconstriction and/or prevent features of airway remodeling on
the basis of their unique capacity to modulate TGFb signaling
pathways. These possibilities could be easily tested in animal models
of allergic asthma treated with biasedM3mAChR ligands, similar to
studies that have tested anticholinergics (8). The putative role of ASM
in the therapeutic action of the most promising biasedM3mAChR
ligands could then be examined using the precision cut lung slice
model.

Both preclinical and clinical evidence using receptor antagonists/
inverse agonists have indeed demonstrated a central role of M3
AChR inmediating key features of chronic obstructive pulmonary
disease and asthma, including abnormal lung function, mucus
hypersecretion, and airway inflammation and remodeling (8). For
example, strong evidence for a role of M3 AChR inmediating
allergen-induced airway remodeling and ASMmass came from the
use of receptor knockout mice (9), so it would be sensible to examine
the effect of biased ligands on these proasthmatic features. However,
in contrast to the anticipated effects of receptor blockade
(using receptor antagonism or knockdown strategies), predicting the
impact of M3-biased signaling pathways in vivomay prove to be
difficult. Indeed, we found that allergen-induced airway
hyperresponsiveness was completely abrogated in sensitized mice
engineered to express a G protein-biasedM3-mAChRmutant
receptor incapable of activating phosphorylation-dependent
b-arrestin pathways (10). In contrast, allergen-induced pulmonary
inflammation was not affected in these mutant mice. Together our
study suggests that in experimental asthma, M3-Gq–independent
pathways (i.e., noncanonical) exert a predominant role over
Gq-dependent pathways in driving ASM abnormalities to muscarinic
agonists.

So, even if suitable biasedM3mAChR ligands could be
developed and trialed for lung diseases, one might wonder whether
their therapeutic action, relying on Gq-independent pathways, would
be altered in asthma. This is a legitimate question as a number of
different insults such as cytokines, inflammatory cells (T cells),
pollutants, respiratory viruses, mechanical strain, and anesthetics
(to list a few) have been shown to modulate M3 AChR-associated
procontractile responses, a consistent finding reported by many
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groups in both cultured ASM cells and isolated ASM tissues
(reviewed in [11, 12]). Irrespective of the mechanisms leading to
changes in M3 AChR responsiveness that are highly complex, often
context- and stimulus-specific, all these studies point toward a defect
occurring at different degrees of M3 AChR signaling. For example,
TNFa (but the observation also applies to other cytokines) can
increase carbachol-evoked ASM contractility by modulating both
canonical (calcium signals) and noncanonical (b-arrestin and Rho-
dependent calcium sensitization) (13). Those changes may result
from alterations occurring at 1) receptor level (expression); 2)
receptor coupling level (G-protein); and 3) signal transduction level
(phospholipase and intracellular calcium pools). It is, therefore,
essential to ensure that the beneficial responses of biasedM3 ligands
are still preserved in asthmatic airways.

Lastly, from amechanistic point of view, it would be interesting
to determine how PD 102807, described as a selective M4mAChR
antagonist more than 20 years ago, exerts its biased action onM3
mAChR. It is also unknown whether the beneficial outcomes of PD
102807 seen in ASM cells can be reproduced in other M3 AChR-
expressing cells that contribute to lung diseases (e.g., lung epithelial
cells). In addition to opening new areas of investigation, the present

study has the merit of being the first to identify PD 102807 as a novel
biasedM3mAChR ligand and to show the therapeutic value of
studying G-protein coupled receptor (GPCR)-biased agonism in
ASM cells. The best is probably yet to come.�
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Figure 1. Biased M3 AChR agonism in the treatment of obstructive lung disease. Accumulating evidence suggests that M3 AChR-dependent
pathways contribute to airway inflammation, airway remodeling, and abnormal lung function in asthma. The mechanisms underlying these
proasthmatic responses appear to involve both canonical (G-protein dependent) and noncanonical (b-arrestin dependent) pathways, most likely
acting in concert. Combined preclinical studies that have used engineered mice or receptor antagonists led to the conclusion that the
pathological role of M3 AChR in allergic asthma is complex and determined by the type of activated downstream signaling pathway. Bronchial
hyperresponsiveness is believed to result from muscarinic agonists activating preferably noncanonical pathways leading to Rho-dependent
enhancement of airway smooth muscle contractility. In contrast, other asthmatic features such as airway inflammation (and possibly airway
remodeling) are driven by G-protein–dependent mechanisms. The ability of various proasthmatic insults, including cytokines, respiratory viruses,
inflammatory cells, and pollutants (among others), to alter M3 AChR receptor function may contribute to signaling bias associated with different
clinical outcomes, although this hypothesis remains to be further investigated. With the biased M3 AChR ligands, the expectation is that they will
only trigger G-protein–independent pathways that promote antiremodeling and bronchorelaxant actions via b-arrestin pathways that are distinct
from those driving bronchial hyperresponsiveness. The study by Tompkins provides strong evidence for a therapeutic role of some of the M3
AChR-associated b-arrestin pathways that remain to be further investigated (?). GPCR=G-protein coupled receptor; GRKs=GPCR kinases;
P=phosphorylation site; PLC=phospholipase.
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