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Abstract

Introduction—There is an unmet need for a new class of direct bronchodilators for the treatment
of asthma and chronic obstructive lung disease. Unexpectedly, bitter taste receptors (TAS2Rs)
have been localized on airway smooth muscle and when activated cause marked smooth muscle
relaxation via a mechanism that is distinct from py-adrenegic receptors. Thus TAS2R agonists
have emerged as a novel class of bronchodilator.

Areas covered—A synopsis of the TAS2R family and its biology for bitter taste perception on
the tongue is provided, followed by a review of the identification and molecular and physiological
characterization of TAS2R subtypes on human and mouse airway smooth muscle. The proposed
molecular mechanisms leading to the relaxation response are provided, along with gaps in our
understanding at certain points in the signaling cascade. Unresolved issues that may need to be
considered for drug development are discussed.

Expert opinion—TAS2R agnosts show promise as a new class of highly efficacious
bronchodilators for treatment of obstructive lung disease. With tens of thousands of known natural
and synthetic bitter compounds, there is substantial diversity within the known agonists, and, a
ready source of agents for screening and further development of an inhaled TAS2R agonist for
therapeutic purposes.
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1. Introduction

Asthma is characterized by chronic inflammation of the airways with obstruction due to
mucous accumulation and actively contracted airway smooth muscle (termed

bronchospasm) which decreases airway lumen diameter and thereby increases airflow
resistance [1]. The increased work of breathing due to bronchospasm is the major source of
morbidity and mortality in asthma. In persistent asthma (either moderate or severe), some
degree of bronchospasm and thus symptoms are present virtually all the time, or can be
readily evoked by activities such as exercise or allergen exposure. Treating the inflammatory
component has led to moderate success in the treatment of asthma, but nevertheless
bronchodilator therapy (either as-needed for “rescue” or on a continuous bases for “control’)
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is required for most asthmatics. Indeed, ~50% of asthmatics are not under adequate control
[2-5]. Currently there is only one class of direct bronchodilators utilized for treating
obstructive lung disease. These are the $-agonists, which act by binding to airway smooth
muscle py-adrenergic receptors (B2AR) [6]. The BoAR is a member of the large superfamily
of cell surface, G-protein coupled receptors (GPCRs), whose effects within the cell come
from activation of a receptor-G-protein-effector cascade. For airway AR, agonist binding
stabilizes an active conformation of the receptor which evokes binding and dissociation of
the heterotrimeric G-protein Gs, leading to activation of adenylyl cyclase, and enhancement
of intracellular cAMP production from ATP. cAMP activates protein kinase A (PKA) with
numerous PKA-dependent effects including phosphorylation of myosin light chain kinase
leading to smooth muscle relaxation [6,7]. Interestingly, virtually all signals that cause
smooth muscle contraction in asthma are due to locally produced factors that bind GPCRs
which activate receptors coupled to the G-protein G, leading to an increase in intracellular
Ca?* ([Ca?*];) [6,7]. Thus antagonists to receptors for histamine, acetylcholine, and
leukotrienes are used for treating asthma, but are considered indirect bronchodilators. Thus
the armamentarium for treating bronchospasm in asthma by direct bronchodilators is quite
limited. B-agonist therapy has been associated with increased sensitivity to bronchospasm
(bronchial hyperreactivity), decreased acute responsiveness (tachyphylaxis), worsening
asthma, and death [8-13]. We have explored the potential for other airway receptors [14]
that directly relax smooth muscle by novel mechanisms in order to develop bronchodilators
for improving care of obstructive lung diseases. This review discusses the expression and
function of bitter taste receptors (TAS2Rs) on airway smooth muscle [15,16] as targets for a
new class of drugs for treating obstructive airways disease such as asthma and chronic
obstructive pulmonary disease.

2. Bitter taste receptor (TAS2R) expression on airway smooth muscle

Using quantitative RT-PCR, we utilized primers for all 25 human TAS2R receptors with
mRNA from a purified cell preparation of cultured, early passage, human airway smooth
muscle cells (HASM) [15] to ascertain relative expression levels. These results are shown in
Figure 1a, and are normalized to expression of the B,AR (ADRB?2) to provide a reference.
TAS2R subtypes 39, 43, 7, 40, 16, 38, 41, 60 were not detected, nor were the two sweet
receptors TAS1R1 and R2. The expression of ADORAL and LTB4R receptor transcripts
served as high and low positive controls. Three TAS2Rs are clearly expressed at levels
greater than ADRB2 (TAS2R 10, 14, 31), which we have termed “high expressors” and
several additional receptors expressed at modest or low levels. Taken together we
considered six TAS2Rs as potential drug targets: TAS2R10, 14, 31, 5, 4, and 19, with an
emphasis on 10, 14 and 31 as the most attractive subtypes for the treatment of obstructive
airways disease.

3. The TAS2R family of receptors

TAS2Rs [17-19] are also GPCRs, which have been traditionally thought to be exclusively
expressed on taste buds of the tongue [20]. They have been considered to have developed to
avoid ingestion of toxic plants. These receptors couple to the G-protein gustducin, which
activates via its By subunit phospholipase C (PLC). Activated PLC results in increases in
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inositol-3-phosphate (1P3), which binds to the sarcoendoplasmic reticulum 1P3 receptor,
releasing [Ca2*]; from intracellular stores. This activates a transient receptor potential
channel (TRP channel) which depolarizes the taste cell membrane [21]. This depolarization
results in release of neurotransmitter, which activates a neuronal connection to the brain. In
humans, there are 25 TAS2R subtypes, differentially expressed on taste bud cells throughout
the tongue [20]. They respond to a broad range of bitter tasting chemicals. These include
naturally occurring compounds from plants (quinine, colchicine, yohimbine, strychnine) and
synthetic agents currently utilized as dietary supplements or for treatment of a variety of
diseases (saccharin, chloroquine, dapsone, flufenamic acid) [22]. Typically, the imputed
affinity of these agents is relatively low (uM) for TAS2Rs [22], consistent with the fact that
toxic plants would be in direct contact with the tongue. No core structural requirement for
TAS2R agonists has been identified to date, suggesting that many agonists may be acting at
allosteric as opposed to orthosteric sites. Thus these receptors appear to have evolved, at
least on the tongue, as a broadly-tuned, low affinity, set of “aversion receptors”.

4. TAS2R agonists evoke bronchodilation

Functional studies were initially focused on agonist-promoted [Ca%*]; in HASM, since this
is an early second messenger in TAS2R signaling in taste bud cells. As shown in Figure 1b,
the benchmark bitter tastant chloroquine increase [Ca2*]; [15] in a dose dependent manner.
Using a panel of components, we noted that strychnine (TAS2R10 agonist) evoked a greater
response than the TAS2R4 agonist colchicine, which is a lower expressing TAS2R4 (Figure
1c). There was no [Ca2*]; response to salicin, which activates TAS2R16, which was not
detected in these cells. Thus the pharmacological profile of [Ca2*]; stimulation (Figure 1c)
was consistent with the differential expression levels ascertained by RT-PCR (Figure 1a). In
these cells, TAS2R agonist-mediated [Ca?*]; was ablated by the By antagonist gallein and
the PLC inhibitor antagonist U73112, and was significantly blunted by the IP3 receptor
antagonist 2APB (Figure 1d). The increase in [Ca2*]; did not require extracellular Ca2*.
Thus the signaling in HASM, up to the point of [Ca2™]; release, is consistent with TAS2R
signaling in taste bud cells [15].

From these experiments, we expected that TAS2R agonists would cause contraction of
HASM, since increased [CaZ*]; is the basis of known constrictive agents acting at their
cognate receptors [6]. However, we found [15] in mouse airways studied ex vivo that bitter
taste receptor agonists promote a profound relaxation (Figure 2a). Indeed, under most any
condition that we tested (including contraction with serotonin and KCI), bitter tastants
evoked relaxation back to baseline tension (i.e., 100% relaxation). Similarly, TAS2R
agonists caused relaxation of excised human bronchi (Figure 2b) [15,16]. In both human and
mouse airways, the relaxation response to isoproterenol (a full 3-agonist) was less than that
evoked by TAS2R agonists (Figure 2b). The most pronounced difference was in mouse,
where [-agonists are known to have lower efficiencies than in human airways.

In both mouse and human airways, the relaxation evoked by bitter tastants was rapid and
fully reversible with wash-out [16]. One report suggests a lack of reversibility [23], but the
methodologies differed from our original study, and in additional experiments we have now
shown full reversibility with washout in both mouse and human airways with kinetics
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consistent with agonist-GPCR interactions [16]. Interestingly, the responses to $-agonist and
submaximal concentrations of TAS2R agonist were found to be additive (Figure 2¢) [15]
suggesting that combined therapy with these two types of bronchodilators could provide
clinical advantage over either agent alone. In additional studies no elevations in cAMP with
any TAS2R agonist was observed in HASM cells [15]. Also, the concentration that evoked a
50% response (Ecsg) Was identical (~80uM) between HASM [Ca?*]; elevation and mouse
airway relaxation, supporting a link between the two events. And indeed, depletion of
intracellular Ca2* with thapsigargin ablated TAS2R agonist-medicated airway relaxation
[15]. Inhibitors of cyclooxygenase and nitric oxide synthase had no effect on TAS2R agonist
mediated relaxation [15]. Finally, in contrast to the depolarization of taste cell membranes
that occurs with TAS2R activation, in HASM these receptors evoke hyperpolarization [15]
of the membrane (Figure 2d), which would be expected to cause relaxation.

Using magnetic twisting cytometry (MTC) [24,25] the physiological consequences of
agonist binding were assessed in cultured HASM [15]. Of note, these studies isolate the
smooth muscle cell, thus effects that might be due to bitter tastants acting on airway
epithelial cells which then communicate to the smooth muscle, can be excluded. As shown
in Figure 3a, bitter tastants caused relaxation from baseline of HASM as determined by
MTC. Histamine and isoproterenol had the expected contractile and relaxant effects,
respectively. Additional studies showed that bitter tastants relax HASM as studied with
MTC that had been pre-contracted with methacholine [26]. Consistent with the studies of
[Ca?*]; release in HASM (Figure 1d), relaxation was blocked by the PLC inhibitor U73112
(Figure 3b) [15].

5. Mechanism of TAS2R — mediated HASM relaxation

The unexpected finding that whole-cell readings of TAS2R-mediated [Ca2*]; increases were
associated with HASM relaxation has raised the notion that the relaxation-based [Ca?];
pool may exist in a distinct compartment (compared to contraction-associated [Ca2*];),
providing specialized signaling. To address this, high resolution real-time confocal
microcopy was performed with Fluo-3 loaded HASM cells [15]. Spatiotemporal
characteristics between saccharin and histamine-mediated [CaZ*]; were clearly evident when
examined at the subcellular level (Figure 4a,b). For saccharin, the [Ca%*]; increase was seen
as early as 2.5 sec and appeared to be mostly associated with the slender ends and
sarcolemmal region of the cell. In contrast, no [Ca2*]; signal was seen with histamine until
~10 sec after agonist expression, and the response appeared to be more global in
distribution. The TAS2R [Ca?*]; signal evoked by saccharin was very close to the cell
membrane when examined using line scans [15].

We considered that the specialized pool of [Ca2*]; evoked by TAS2R activation had
characteristics (spatial, temporal, and concentration) consistent with activation of a channel
such as the large capacitance Ca2*-dependent K* channel (BK¢,) that hyperpolarizes the
membrane. To address this possibility, MTC was utilized with HASM in the absence or
presence of the specific BK¢, antagonist iberiotoxin (IbTx). As shown in Figure 3b, IbTx
partially inhibited relaxation in HASM. In addition, partial inhibition was observed using
intact mouse airways (Figure 3c). In human airways, the extent of the effect of IbTX varied
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between samples from different individuals [27], but the overall trend indicates that the
BK, toxin has an inhibitory effect on TAS2R-mediated relaxation (Figure 3d). This data
suggests that BK, activation may be necessary for the “full effect” of TAS2R-mediated
relaxation. But clearly, other mechanisms are also involved, and depending on the
physiological “readout”, the loss of a BK, component may not be readily observed. In
additional qualitative studies with isolated HASM, Fourier transform traction microscopy
has been utilized to ascertain the effect of IbTx in the context of TAS2R activation [27]. As
shown in Figure 4c, the forces within HASM are heterogeneous and asymmetric. The
TAS2R agonist chloroquine caused a decrease in traction (consistent with relaxation) in
several regions of the cell. This relaxation effect from TAS2R activation was attenuated or
blocked in some, but not all, regions within the cell in the presence of IbTx. These data are
all consistent with BKc, channel having some role in TAS2R-mediated relaxation, but also
indicating that another mechanism is likely to be at play. Patch-clamp studies have also
implicated other mechanisms, although these methodologies have been questioned as to
their applicability [28].

6. TAS2R function in a mouse model of asthma

Because signaling systems can undergo dynamic regulation by inflammation, TAS2R
agonist function has been evaluated in the context of the ovalbumin-sensitized mouse model
of asthma [15]. For these studies, BALB/c mice were sensitized to subcutaneous ovalbumin
and subsequently challenged with inhaled albumin. This results in inflammation of the
airways (Figure 5a,b) and enhanced bronchoconstriction to inhaled methacholine (bronchial
hyperreactivity) compared to non-sensitized mice. Mice were then intubated, sedated, and
ventilated and airway resistance measured at baseling, in response to inhaled methacholine,
and during the methacholine induced constrictive phase, in response to inhaled TAS2R
agonists quinine or denatonium. The positive control for bronchodilation was the p-agonist
albuterol. These studies provide advantages over the ex vivo airway studies in that they are
conducted during active inflammation and bronchial hyperreactivity in the intact mouse, and
measurements of airway mechanics reflect net changes that may occur throughout the
tracheobronchial tree. Also, drugs are administered by inhalation, which is what is
envisioned for TAS2R agonists for the treatment of asthma. The main drawback is that
multiple drugs/dosages and prolonged studies are often not tolerated, so the permutations
available from these in vivo studies in a single mouse are not as broad as ex vivo ring
experiments.

As shown in Figure 5c, in control mice single doses of quinine or albuterol resulted in
decreases in airway resistance to the same extent [15]. In the ovalbumin sensitized and
challenged mice a lower amount of methacholine was required to increase airway resistance
(consistent with the hyperresponsive phenotype). The decrease in airway resistance evoked
by albuterol in these mice (Figure 5d) was markedly attenuated compared to the non-
sensitized mice (~12% vs. ~60%, respectively). However, the response to quinine amounted
to a >50% reduction in resistance in both non-sensitized and sensitized mice (Figure 5c,d).
Similar results were also noted with the TAS2R agonist denatonium [15]. Taken together,
these data show that TAS2R responses are maintained during the asthmatic milieu. This is in
contrast to the B-agonist response, which becomes substantially decreased.
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7. Desensitization of TAS2Rs

Desensitization is defined as a loss of receptor responsiveness during continuous or
repetitive exposure to agonist [29]. This definition is strictly based on function, and does not
specify mechanism or duration of exposure to the agonist. Function could be a physiological
measurement (forced expiratory volume), a cell or tissue event (smooth muscle force,
bronchial ring tension), or an intracellular signal (CAMP, IP3, Ca2*). Clinically,
desensitization is observed as tolerance, or tachyphylaxis, to an administered agent. Many
GPCRs undergo agonist-promoted desensitization, due to mechanisms such as receptor
phosphorylation by various kinases, receptor internalization, and a loss of receptor
expression (termed downregulation) [29-31]. Since agonist-promoted desensitization might
limit therapeutic effectiveness of TAS2R agonists, initial studies have been performed to
ascertain if desensitization of TAS2Rs occurs at the cellular or physiologic levels [32]. For
the former studies, HASM cells were exposed to the TAS2R agonist quinine or carrier
(control) for 15 minutes, rapidly washed, and the [Ca2*]; response to quinine rechallenge
determined. A ~30% decrease in [Ca2*]; stimulation was observed with this pretreatment,
indicating some degree of desensitization (Figure 5e) [32]. Of note, the [Ca2*]; response to
endothelin was not effected by quinine pre-treatment, consistent with homologous
desensitization of the TAS2R response (as opposed to an alteration in [Ca2*]; handling or
other heterologous mechanisms). In addition, the function of the B2-bradykinin receptor
(known to undergo agonist-promoted desensitization) showed profound (>90%) loss of
function when HASM cells were pretreated with bradykinin, acting as a positive control for
the experimental protocol [32]. This short-term desensitization was not blocked by protein
kinase A or C inhibitors, pointing towards G-protein coupled receptor kinase (GRK)-
mediated events as potential mechanisms for TAS2R desensitization. Of note, saccharin
(TAS2R31 agonist) pretreatment evoked ~40% desensitization of the [Ca2*]; response to
subsequent saccharin stimulation, suggesting that the quinine effects are acting through
TAS2Rs, rather than some nonspecific effect. Similar studies using methacholine contracted
rhesus macaque bronchial rings resulted in ~30% loss of relaxation to subsequent quinine
exposure [32], showing that the desensitization of the [CaZ*]; response correlated with a
relevant physiologic response in this non-human primate.

Given that B,AR and TAS2R relaxation appear to act additively (Figure 2d), it is likely that
agonists for both receptors might be used concomitantly for treating asthma. However,
GPCRs can “cross-regulate” each other, via early events in the signaling process or near the
terminal physiologic endpoint [33-35]. Indeed dysregulation of a physiologic outcome
might occur at a final common pathway for otherwise quite different signaling mechanisms.
Thus B2AR and TAS2R might “interact” at the relaxation response of smooth muscle. Of
particular interest has been whether TAS2Rs would still be functional under conditions of
chronic p-agonist exposure, which results in B,AR desensitization. To address this, studies
have been performed in isolated HASM measuring cell stiffness, the second messengers
cAMP or [Ca?*];, and relaxation of mouse and human airways using the ex vivo model [26].
With 18 hours of exposure to f-agonist, rechallenge with 3-agonist showed >90% loss of
cellular relaxation as assessed by MTC, indicative of significant physiological
desensitization of the BoAR pathway. Consistent with this finding, f-agonist stimulated
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cAMP in HASM was also markedly desensitized. And, in mouse trachea, Figure 5d, and
precision-cut human airway lung slices, a similar exposure to f-agonist resulted in a
substantial loss of airway relaxation [26]. However, under these same conditions, the
TAS2R agonist chloroquine stimulated [Ca2*]; to the same extent as unexposed cells, and
chloroquine relaxed isolated HASM, mouse trachea, and human precision-cut lung slices
without loss of efficacy [26]. Taken together, HASM TAS2R relaxation appears to be
unaltered under extreme desensitization of the BoAR pathway.

8. Unresolved Issues for development of TAS2R agnostic for asthma

therapy

8.1 Which TAS2R subtype?

As introduced earlier, three TAS2R subtypes, 10, 14 and 31, represent a cluster of the
highest expressing bitter taste receptors on human airway smooth muscle [15]. Current
studies do not indicate if maximal bronchodilation requires activation of more than one
receptor, or, if a single receptor is sufficient. Ascertaining this information using highly
specific agonists [22] has important indications for drug development. For example, an
agonist may have relatively low affinity for any one receptor, but if it activates all three
TAS2Rs the efficacy may be adequate. Similarly, desensitization may not be clinically
observed if the “net TAS2R reserve” is high under conditions of these receptors being
activated. On the other hand, these agents will likely need to be administered via nebulized
inhalation, thereby passing the tongue. Activation of a single TAS2R subtype might be less
offensive than activation of several. In addition, there are structural differences between
these three receptors [32], particularly between the third intracellular loops and cytoplasmic
tails (typical regions where desensitization and accessory protein binding occurs). Thus the
selection of a TAS2R subtype to target may be dependent on functions or characteristics of
the signaling other than acute smooth muscle relaxation per se.

8.2 What are the mechanisms of desensitization?

Current understanding of TAS2R desensitization is limited in terms of mechanism, and
dose-and time-dependency. In addition, it is recognized that certain agonist-stabilized
conformations of GPCRs can be biased away from desensitization, and this aspect is
dictated by the structure of the agonist [36—38]. These issues can be resolved by first using
“benchmark” agonists to gain some initial insight, and then as new agonists are developed
they can be integrated into any paradigms that have been established. The notion that
TAS2R desensitization mechanisms are similar to any other GPCR (or any specific TAS2R
subtype) cannot be assumed, but rather should be investigated in an impartial manner.

8.3 Is it necessary to increase potency?

Most TAS2R agonists discovered so far has assumed affinities (based on potency values) for
their receptors in the uM range. Like the free fatty acid receptors, high throughput screening
and molecular modeling could result in the synthesis of compounds with increased potencies
by several orders of magnitude [39]. To our knowledge such studies have not been
undertaken, but would be a natural consequence for achieving an optimal set of agonists to
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move forward in clinical studies. Of note, in studies of the intact mouse, we found maximal
bronchodilation with 150 pg quinine compared to 3 pug albuterol. In the ovalbumin sensitized
mouse, the equieffective dose of quinine compared to albuterol was 50 pg for
bronchodilation. Extrapolation to humans yields ~175 mg of inhaled quinine per dose. This
is within the limits of modern clinical nebulizers. For example, tobramycin (similar
molecular weight to quinine) is administered at 300 mg per inhalation. So it may not be
absolutely necessary to obtain subnanomolar potencies, but such efforts should be
undertaken to attain a readily formulated, deliverable, and convenient agonist for inhalation.
Of interest is whether full or partial agonists would be preferred for treatment of obstructive
lung disease. One might consider that a full agonist is preferred, however it is not
uncommon that desensitization and alternative signaling outcomes are more likely with full
agonists, as might be off-target effects. Understanding the “receptor reserve” for a TAS2R in
relaxing smooth muscle may be helpful in understanding whether full or partial agonism is
preferred.

8.4 Off-target effects

It is now clear that taste receptors, including the bitter taste receptors, are expressed in
organs outside of the oral cavity [40]. They may represent previously unrecognized and
physiologically relevant signaling pathways, or some may be “vestigial proteins” without
significant consequences when activated. As with inhaled p-agonists and cholinergic
antagonists targeted to airway smooth muscle, and inhaled corticosteroids targeted to
multiple cell types in the airway, the inhaled route has allowed for clinically effective dosing
with little if any systemic, off-target, effects. And, we note that purposeful ingestion of bitter
compounds in foods or pharmaceuticals has not been specifically linked to adverse systemic
effects. Nevertheless, this issue must be considered as new agents are developed.

Interestingly, lung airway epithelial cells express TAS2Rs which act to increase ciliary beat
frequency [41], as do solitary chemosensory cells in the trachea that may regulate
respiratory rate [42]. In addition, circulating lymphocytes express TAS2Rs, which may
regulate inflammatory mediator release [43]. While none of these non-smooth muscle sites
would be expected to cause direct airway relaxation, the outcome of their activation may
nevertheless be towards a beneficial effect for obstructive lung disease. It is intriguing to
consider the evolutionary basis of TAS2Rs expression on airway smooth muscle. One
scenario that we have considered is the protective effect of bronchodilation during
bronchitis. Gram negative bacteria secrete acyl-homoserine lactones [44], and these are
highly efficacious TAS2R agonists [45]. Thus during active bronchitis the secreted agonists
may act to open the airway, providing an advantage for clearance of bacteria and cellular
debris.

8.5 Method of administration

Finally, one commentary was puzzled as to how TAS2R agonists reach the smooth muscle
of the airway, since they would need to pass the epithelium [46]. The in vivo studies of
inhaled TAS2R agonists clearly demonstrate direct relaxation of the airway. Whatever the
mechanism of movement to smooth muscle, it does not appear to be due to the
hydrophobicity of the compound. Albuterol, terbutaline, metaproterenol and the benchmark
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[3-agonist isoproterenol are hydrophilic and do not cross the cell membrane, yet are rapid and
effective bronchodilators via their activation of airway smooth muscle foAR. Tight junctions
between epithelial cells and other mechanisms are likely in play to provide these agents
access to smooth muscle receptors. 3-agonists such as salmeterol and formoterol are indeed
lipophilic. So, there is no a priori rule that predicts drug access to smooth muscle receptors
based on hydrophobicity. This issue does stress, however, the need for studying potential
new compounds in the in vivo setting early in the screening process.

9. Expert Opinion

Bitter taste receptor agonists appear to be efficacious relaxants of airway smooth muscle and
a target for a novel class of direct bronchodilators. The strength of the research thus far
centers on identification of the most abundant TAS2Rs subtype, on airway smooth muscle,
the initial signal transduction pathway, verification of a direct effect of bitter tastants on
airway smooth muscle function, and efficacy of inhaled agonists in a mouse model of
asthma. The link between activation of TAS2Rs, [Ca2*]; release, and membrane
hyperpolarization needs additional study. The characteristics of the specialized [Ca?*]; pool
to which TAS2Rs apparently communicate with, and the nature of the channels involved,
remain underdeveloped. In addition, the presence and extent of agonist-promoted
desensitization and the determination of its mechanism would aid in understanding which
airway smooth muscle TAS2R subtype to target with a specific agonist. The choice of the
“ideal” subtype may also depend on which TAS2R provides for the most robust relaxation
as a single subtype. Potential regulation of TAS2R subtype expression, or function, by the
human asthmatic milieu may also direct drug development to a specific subtype.

With the availability of thousands [22] of TAS2R agonists, the goal of identifying agonists
acting at one or more of the higher expressing TAS2Rs on airway smooth muscle through
high throughput screening should be readily achievable. Structural modifications of these
compounds to achieve greater potency and selectivity would be desirable. Secondary
screening techniques using intact cell mechanics, as well as human bronchi, will be
necessary throughout the process of candidate development to assure that the physiological
response is maintained, and, to compare with agents such as 3-agonists. Moderate
throughput of these physiological endpoints can be realized using MCT (isolated cells) and
precision cut lung slices (bronchi) derived from normal and diseased human lung.

These efforts are likely to provide for TAS2R agonists that can be utilized for the treatment
of asthma and chronic obstructive pulmonary disease. This will fill an unmet need in the
treatment of these diseases, where many patients experience inadequate therapeutic
responses to the only other class of direct bronchodilators, the $-agonists.
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Expression and pharmacology of TAS2Rs on isolated human airway smooth muscle cells.
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Figure 2.
Physiological consequences of TAS2R activation in mouse and human airways, and human

airway smooth muscle cells.
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Figure 3.
Characteristics of airway smooth muscle responsiveness to TAS2R agonists.
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Specialized [Ca2*]; signaling by TAS2R agonists in human airway smooth muscle cells.
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