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Abstract

Taste and smell receptor expression has been traditionally limited to the tongue and nose. We have
identified bitter taste receptors (TAS2Rs) and olfactory receptors (ORs) on human airway smooth
muscle (HASM) cells. TAS2Rs signal to PLCB evoking an increase in [CaZ*]; causing membrane
hyperpolarization and marked HASM relaxation ascertained by single cell, ex vivo, and in vivo
methods. The presence of TAS2Rs in the lung was unexpected, as was the bronchodilatory
function which has been shown to be due to signaling within specific microdomains of the cell.
Unlike B,.adrenergic receptor-mediated bronchodilation, TAS2R function is not impaired in
asthma and shows little tachyphylaxis. HASM ORs do not bronchodilate, but rather modulate
cytoskeletal remodeling and hyperplasia, two cardinal features of asthma. We have shown that
short chain fatty acids, byproducts of fermentation of polysaccharides by the gut microbiome,
activate HASM ORs. This establishes a non-immune gut-lung mechanism that ties observations on
gut microbial communities to asthma phenotypes. Subsequent studies by multiple investigators
have revealed expression and specialized functions of TAS2Rs and ORs in multiple cell-types and
organs throughout the body. Collectively, the data point towards a previously unrecognized
chemosensory system which recognizes endogenous and exogenous agonists. These receptors and
their ligands play roles in normal homeostatic functions, predisposition or adaptation to disease,
and represent drug targets for novel therapeutics.
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1. Introduction

G-protein coupled receptors (GPCRs) are well known to be expressed throughout the body,
and they represent the largest superfamily of signaling proteins in the genome. We have
recently found “sensory GPCRs” of the bitter taste receptor (TAS2R) family [1], and the
olfactory receptor (OR) family [2] expressed deep in the lung, on human airway smooth
muscle (HASM) cells. These findings of receptors “in the wrong place” was initially met
with skepticism because of the bias that such specialized receptors were only expressed on
taste cells of the tongue and sensory neurons in the nose, responding to external ligands
involved in taste and smell perceptions, respectively.

We have now extensively characterized these receptors on HASM [1-7], and it is now clear
that TAS2Rs and ORs are expressed on other cell-types in different organs as well. They
represent a previously unrecognized chemosensory system that is activated by endogenous
and exogenous agonists, representing potential homeostatic/disease loci as well as novel
targets for therapeutic intervention. At the molecular level, these receptors also appear to
signal differently than was expected from the pharmacology in taste and smell perception,
indicating a plasticity of receptor-activated events with these receptors that is cell-type
dependent. Herein we review TAS2R and OR expression in HASM, the biochemistry of
their cellular signaling, and their physiologic function, including development of enabling
single-cell technologies for ascertaining mechanical effects of receptor activation and
performing screening for new therapeutics.

2. TAS2Rs on HASM
2.1. Expression of TAS2Rs on HASM

There are 25 TAS2R subtypes in the human genome [8, 9]. Quantitative RT-PCR was
performed using 25 subtype-specific primers to determine mRNA levels in cultured HASM
cells derived from subjects without lung disease. Six subtypes (TAS2R10, 14, 31, 5, 4, 19)
were found at levels greater than the pB,-adrenergic receptor (B2AR) (Fig 1A) [1]. In taste
cells, TAS2Rs couple to the G-protein gustducin, and the By subunits released from the
heterotrimer activate phospholipase Cp (PLCP), resulting in an increase in inositol 1, 4, 5-
triphosphate (IP3). IP3 activates the IP3 receptor on the endoplasmic reticulum resulting in
release of Ca2* from this intracellular depot. Released [Ca2*]; is thus readily assayed as a
second messenger for activated TAS2Rs. In taste cells the increase in [Ca2*]; activates a
transient receptor potential (TRP) channel, depolarizing the membrane, with release of
neurotransmitter and subsequent activation of the Type Il cell which signals to the brain. A
search of available expression databases and our own studies indicated expression of Gqgyst,
PLCB, IP3 receptor, but not the classic TRP channel (TRPM5), in HASM. This suggested a
deviation of signaling, if these receptors were functional, in HASM compared to taste cells.
Because of their higher expression, most of our studies have been targeted to TAS2R10, 14,
and 31.
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2.2. TAS2Rs increase [Ca?*]; in HASM

Using a panel of known TAS2R agonists we observed increases in [Ca2*]; in HASM cells
that were consistent with the subtype expression profiles (Fig 1B) [1]. Agonists such as
saccharin, strychnine, denatonium, chloroquine, aristolochic acid, yohimbine, and quinine,
which activate the higher expressing subtypes, stimulated [Ca2*]; the greatest, while an
agonist to a lower expressing subtype (colchicine, TAS2R4) showed a lower response.
Furthermore, the bitter tastant salicin, an agonist for TAS2R16 which is not expressed,
showed no increase in [Ca2*];. The stimulation of [Ca2*]; by TAS2R agonists was fully
blocked by the By sequestering agent gallein and the PLC inhibitor U73122, and was
inhibited >50% by the IP3 receptor antagonist 2APB. TAS2R agonists had no effect on
HASM intracellular cAMP levels as determined by two sensitive methods. Unlike what is
observed in taste cells, though, TAS2R agonists caused hyperpolarization of the cell
membrane [1]. Such hyperpolarization is observed using cells in the native state, or, when
first depolarized by a constrictive GPCR agonist such as histamine.

2.3. Methods for determining physiologic function of sensory GPCRs in HASM

To address the functional consequences of HASM TAS2R activation, we have utilized
multiple techniques including myography of mouse and human bronchi [1], measurement of
airway resistance in the ventilated intact mouse [1], quantitative airway area measurements
in precision-cut lung slices (PCLS) [10], and three methods for studying HASM cell
mechanical and biophysical properties in culture. These methods enable the study of
hundreds of cells under multiple conditions and, thereby, provide a robust dataset for single-
cell analyses of cellular mechanics.

In magnetic twisting cytometry (MTC), a ferrimagnetic microbead (~5 um in diameter) is
functionalized to the cytoskeleton of living cells (both stress-bearing cytoskeletal structures
and the contractile apparatus) through cell surface integrin receptors using a Arg-Gly-Asp
linker [11]. By imposing a uniform magnetic field upon the magnetized bead, a small torque
is applied and resulting bead motions deform structures deep in the cell interior [12, 13].
Such forced bead motions are impeded by mechanical stresses developed within the cell
body, and the ratio of specific torque to lateral bead displacements is measured optically and
is taken as a measure of cell stiffness [12]. Using this technique, it has been previously
demonstrated that HASM cells in culture exhibit pharmacomechanical coupling to a wide
panel of contracting and relaxing agonists [14]. For example, HASM cell stiffness increases
in response to known contractile agonists reported to stimulate [CaZ*]; or IP5 formation and
decreases in response to known relaxant agonists that generate cCAMP. In addition, changes
in the stiffness responses in single cells require, as in the intact tissue, actin polymerization
as well as myosin activation [15]. As such, dynamic changes in cell stiffness measured with
MTC are robust indices of single-cell contraction and/or relaxation of isolated HASM [16,
17]. Indeed, changes in cell stiffness as measured by MTC closely track active stresses
within individual HASM cells, as measured by the other methods [18].

In Fourier transformed traction microscopy (FTTM), fluorescent beads (~0.2 pum in
diameter) are embedded in a flexible polyacrylamide gel and used as fiduciary markers for
deformation fields exerted by adherent cells [19]. The polyacrylamide gels can be coated
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with any extracellular matrix protein of interest (i.e. collagen) and can be “tuned” to precise
rigidities that span a physiologic range of matrix stiffness [20]. Using FTTM, high
resolution traction stress, delineated in space and time, can be imaged [21]. By knowing the
elastic properties of the gels, traction stress can be quantitated from the deformation field
arising at the interface between each adherent cell and the elastic matrix [19]. Importantly,
mechanical responsiveness of airway smooth muscle measured at the level of the single cell
in vitrousing MTC and FTTM is consistent with physiological responses measured at tissue
and organ levels [15, 16, 22].

Spontaneous nanoscale tracer motion (SNTM) involves measurement of unforced
trajectories of ferrimagnetic beads attached to the cell. SNTM quantitates, in real-time, the
rate of spontaneous cytoskeletal rearrangement (termed “cytoskeletal remodeling™) of
adherent cells [23-25]. The mean square displacements (MSDs) of spontaneous bead
motions increase with time () as a power law with an exponent a greater than unity,
indicating non-thermal, ongoing molecular-level fluctuations of the underlying cytoskeleton
[2]. Although the precise nature of cytoskeletal remodeling is unknown, it is clear that in
HASM, the internal networks of cytoskeleton (both actin and myosin) are evanescent
structures that are in a continuous state of remodeling [26, 27], and the rate at which these
events occurs may contribute to a pathologic feature of chronic asthma [28].

relax HASM and dilate airways

In the isolated intact mouse airway, we found that TAS2Rs markedly dilated the airway from
a passive stretch baseline, or, from an actively contracted state (Fig 1C) [1]. Similar findings
were observed using intact human airways [1] and PCLS obtained from surgical specimens
[7]. The efficacy of TAS2R agonists is equal to or greater than that of $-agonists such as
isoproterenol and formoterol (Fig 1D) [4, 7]. However, the potencies of most TAS2R
agonists are relatively low, with ECgq values in the UM range. Studies using FTTM revealed
that TAS2R agonists decrease the contractile stress (traction) both spatially and temporally
in individual HASM cells (Fig 2A) [29]. Since these studies were performed on isolated
HASM cells, the results confirm that the action of TAS2R agonists on intact bronchi is due
to receptors being activated on HASM, rather than indirectly via signaling from the airway
epithelium or other airway cells. Additional experiments using MTC revealed a decrease in
cell stiffness (i.e. single-cell relaxation) of HASM in response to TAS2R agonists such as
saccharine and chloroquine (Fig 2B) [1]. This relaxation response was blocked by PLC
inhibition but not PKA inhibition (Fig 2C), thus linking the biochemical data to the
physiologic response. Additional studies also showed partial inhibition of saccharin-
mediated relaxation by charybdotoxin and iberiotoxin (Fig 2C), suggesting a role for the
large capacitance Ca?*-gated K* channel (BKcy) [1, 29]. Studies performed with depletion
of [Ca2*]; using thapsigargin showed a total loss of TAS2R-mediated relaxation, again
linking the [Ca2*]; stimulatory pathway to relaxation [1].

signal to specialized [CaZ*]; pools

Virtually all contractile signals mediated by GPCRs in HASM act through Gq.coupled
receptors. This contraction is mediated by an increase in [Ca%*]; which would be expected
from Gq-coupled receptors acting at PLCP. Thus there has been this general assumption that
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any agent that increases [Ca%*]; in smooth muscle would lead to contraction. Of note, the
magnitude of these increases in [Ca2*]; with Gg-coupled contractile GPCRs and that of
TAS2R-mediated [Ca2*]; increases is similar (Fig 1B), and yet TAS2Rs relax. This suggests
that the contractile [Ca2*]; signals and the relaxation [Ca?*]; signals are different in some
way, which may not be readily discernable in plate-based whole cell [Ca2*]; assays. To
address this possibility, we utilized high-resolution real-time confocal imaging. We found
that activation of the Gg-coupled contractile Hy_histamine receptor caused a relatively global
increase in [Ca2™]; that is first seen about 10 sec after addition of histamine. In contrast, the
[CaZ*); signal from saccharin was observed within 2.5 sec, and was most intense at the
slender ends and sarcolemmal regions of the cell [1]. When examined in line-scan mode
parallel to the cell membrane, distinct Ca2* puff-like events were observed. Taken together
with the partial loss of the relaxation effect when BK, channels are blocked and the
hyperpolarization of the membrane, this localized [Ca2*]; from TAS2Rs appears to be in a
microenvironment conducive to activation of BK¢, and the expected relaxation. We have not
explored this aspect of TAS2R signaling in HASM extensively, and note that others have
suggested alternative mechanisms [30]. Regardless, it appears that TAS2R-mediated
increases in [Ca%*]; have different effects on membrane potential and physiologic function
compared to Gq-mediated receptor activation. In fact, recent data have revealed that IP3
itself, the initiator of [Ca2*]; release from the sarcoplasmic reticulum, is much more
localized than previously thought [31]. And, there is precedence for distinct [Ca2*];
microdomains promoted by different GPCRs [32].

are functional in models of inflammation and asthma

Asthma is an inflammatory disease of the airways where airway obstruction occurs due to
airway smooth muscle contraction as well as increased smooth muscle mass and mucous
plugging. The contraction is due to release of local factors that act on bronchoconstrictive
GPCRs such as the Mz-muscarinic, Hi-histamine, and leukotriene receptors. While
antagonists to these receptors could act to block these actions, these “indirect
bronchodilators” are not particularly effective in asthma as monotherapy for bronchospasm,
in part because of their specificity for one pathway. In contrast, f-agonists act as “direct
bronchodilators” because activation of airway smooth muscle p,AR evokes relaxation
regardless of the constrictive signal. B-agonists are the only available class of direct
bronchodilators, but their use is associated with interindividual variability due to genetic
polymorphisms, increased airway hyperresponsiveness, tachyphylaxis, asthma
exacerbations, and mortality [33-39]. Furthermore, B>AR function on airway smooth muscle
is depressed in many models of airway inflammation and asthma [1, 7, 40, 41]. Agonists at
TAS2Rs would provide a new class of direct bronchodilators which relax airway smooth
muscle by a different mechanism than B-agonists. We have found that cultured HASM cells
derived from asthmatic donors retain several asthmatic phenotypes [42]. To ascertain if the
asthmatic diathesis alters TAS2R function in HASM, we have compared the [Ca2*],
responses and relaxation responses (by MTC) of HASM from asthmatic and nonasthmatic
donors. We found no differences in TAS2R signaling or physiologic function between the
two groups [6]. Additional studies, using PCLS, where airways were treated with or without
IL-13 showed a loss of B-agonist-mediated relaxation, but TAS2R-mediated relaxation was
unaffected [7]. In terms of agonist-promoted desensitization, we have observed a small
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degree (~30%) loss of TAS2R function due to pre-exposure of HASM to high-dose TAS2R
agonist [6]. Additional studies are underway to delineate the mechanisms of this
desensitization. Thus taken together, a number of limitations that are associated with p-
agonists appear to be absent or minimal with TAS2R agonists. This points the way towards
development of TAS2R agonists as primary or adjunct therapy for chronic prevention or
acute treatment of bronchospasm.

3. Olfactory receptors on HASM

3.1. Expression of ORs on HASM

The identification of TAS2Rs on HASM prompted a search for other sensory receptors on
this cell type, with a goal of understanding the basis of asthmatic phenotypes and/or finding
new targets for treatment. Using RNA-Seq we proceeded to identify ORs in HASM using a
gene model from the UCSC database, which contained 375 ORs (pseudogenes were
excluded). Several ORs were identified and subsequently verified by quantitative RT-PCR
[2]. Of particular initial interests were OR51E2, OR152, OR10Q1, OR2A1, OR2W3,
OR1J4, OR2A7, OR1Q1, OR6A2, and OR1J1. In nasal olfactory epithelium, ORs couple to
adenylyl cyclase type 3 (AC3) via the G-protein Gy, generating cAMP. Both G of and AC3
were detected in HASM, so we felt that determining function of ORs in HASM would be
relatively straightforward. Like TAS2Rs, we found different functions compared to
traditional dogma. We have so far concentrated on OR51E2 since it was readily expressed
on the cell surface of transfected HEK-293 cells, and, OR51E2 and its murine ortholog
OIfr78 have been reported to respond to short chain fatty acids, which are metabolic
byproducts of anaerobic bacteria. These “endogenous” substances are readily absorbed into
the bloodstream and could thus act as OR agonists. We considered that they might form part
of a gut-lung interface that has been implicated as a mechanism in asthma pathogenesis [43—
45]. Transfected HEK-293 cells showed an increase in intracellular CAMP in response to
acetate and propionate [2], but not formate or butyrate, consistent with other studies of
OR51E2/OIfr78.

3.2. OR51E2 signaling in HASM

Based on the transfection studies, we fully expected that activation of OR51E2 in HASM
would lead to relaxation, given that it generated cCAMP in the transfected cells. However,
using two sensitive methods of detection we were unable to detect an increase in cAMP in
HASM cells with short- or long-term exposure to acetate or propionate, even in the presence
of phosphodiesterase inhibitors. In functional studies employing MTC, we also did not
observe acute relaxation of isolated HASM cells in response to these compounds, consistent
with the lack of an acute cCAMP response. We did note a small decrease in baseline cell
stiffness with prolonged exposure, prompting investigation using functionalized
ferrimagnetic beads attached to HASM in the unforced condition as motion tracers (SNTM)
to investigate spontaneous cytoskeletal remodeling (see above). We found that HASM cells
exposed to the two inactive compounds formate and butyrate did not modify the cytoskeletal
remodeling dynamics and were no different than vehicle control. However, cytoskeletal
remodeling dynamics were significantly reduced by the known agonists for OR51E2, acetate
and propionate (Fig 3A). Airway smooth muscle cells from C57BL/6 mice also displayed
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this response to acetate and propionate, which was absent in CRISPR/Cas9 promoted OIfr78
gene knockout cells [2].

Another feature of increased smooth muscle mass in asthma is smooth muscle cell
hyperplasia. We reasoned that decreases in cytoskeletal remodeling might slow the rate of
cellular proliferation. Of note, asthmatic HASM cells are known to proliferate at higher rates
than nonasthmatic HASM cells, and they also exhibit enhanced cytoskeletal remodeling
dynamics (unpublished data). We measured cell proliferation in response to the active and
inactive compounds over a six day period with sparsely seeded cells in culture in serum-
containing media. Typically a ~4 fold increase in cells is expected over this time period. As
shown in Fig 3B and 3C, propionate and to a lesser extent acetate, reduced cell proliferation.
The effects of these two compounds were also observed in six cell lines derived from the
lungs of asthmatic donors, indicating effectiveness in cells from individuals with the disease
of interest (Fig 3D). Of note, another report shows expression of two ORs in HASM that we
find at very low expression levels (OR2AG1 and OR1D2), with the former apparently
mediating relaxation or contraction depending on the agonist, and the latter promoting
cytokine release [46].

4. Conclusions: A previously unrecognized widespread chemosensory

system

As illustrated by our finding functional TAS2Rs and ORs on HASM, there is growing
evidence that these receptors, previously relegated to isolated regions of the body for
perception of external stimuli such as taste and smell, are expressed on many cell-types.
And, it is apparent that their signaling in these other cell-types is not readily apparent from
the usual paradigms. Besides airway smooth muscle, TAS2Rs have also been identified on
central cortical neurons, vascular smooth muscle, upper and lower airway epithelium,
cardiac myocytes, several cell types within the gastrointestinal tract, and thyroid follicular
cells [47, 48]. ORs have also been detected in multiple cell types throughout the body and
have been shown to regulate sperm chemotaxis, respiratory rate, myogenesis, proliferation of
prostate cancer, blood pressure regulation, and as reviewed here, airway smooth muscle
cytoskeletal remodeling and proliferation [49-54].

We propose that there is a relatively unrecognized chemosensory system in the body that is
activated or deactivated by ligands of TAS2Rs and ORs. Clearly one source of bitter tasting
substances and odors (the agonists for TAS2Rs and ORs) is the external environment. Bitter
substances from plants are often toxic, so TAS2Rs on the tongue may have evolved for
avoidance of such substances. This evolutionary pathway does not readily explain TAS2Rs
expressed outside the oral cavity. We have hypothesized [1] that TAS2Rs on HASM, which
are known to be receptors for acyl-homoserine lactones generated by bacteria, may act to
open airways and, along with TAS2Rs of cilia, maintain patency and promote clearance of
pathogenic bacteria and debris in the lung during infection. Digestion of certain bitter
substances would be expected to directly act on TAS2Rs in the digestive tract, thereby
promoting multiple responses. It is unclear, though, whether circulating bitter tastants from
food reach concentrations in the blood that are relevant for activation of TAS2Rs on thyroid
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follicular cells [55], leading to modulation of thyroid stimulating hormone secretion. In the
case of OR51E2 expression on HASM, as we summarized earlier, this receptor acts on two
processes that lead to increased airway smooth muscle mass, a hallmark of asthma. Since
agonists for this receptor include short chain fatty acids which are generated by fermentation
of polysaccharides by the gut microbial community, we have postulated a non-immune gut-
lung axis that may affect asthma susceptibility. Given the known link between obesity and
asthma, this potential interaction requires further exploration to understand the basic
mechanisms involved in this complex disease. Agonists directed to OR51E2 might serve to
mitigate against increases in airway smooth muscle in asthma. Alternatively, dietary
modification to promote microbial communities (and the appropriate substrates) to generate
the short-chain fatty acids that are agonists for OR51E2, might represent a
nonpharmacological approach for treatment.

We propose further research in this area using a multipronged approach. First, identification
of expression patterns of these sensory receptors throughout human and mouse in multiple
organs and cell types should be undertaken. This will require some innovative approaches,
given that the human OR family has > 500 receptors. Secondly, characterization of their
function should be carried out using the cell type of interest, because of the differences in
signaling that may arise between transfected cells or a single “model” cell, and the cell of
interest. Physiologic function should be ascertained at the cellular and organ levels, and a
broad net should be cast do delineate physiologic relevance. Biophysical measurements
using innovative technologies will be necessary, such as FTTM, MTC, and SNTM, to tease-
out physiologic function at the cell level. Such function should ultimately be considered in a
manner consistent with a cohesive chemosensory system in the body, similar to how
adrenergic receptor structure and physiology has been considered in terms of the
sympathetic nervous system. There also needs to be effort towards understanding the
physiology of a given receptor-cell-organ combination in terms of its evolutionary basis and
its relationship to disease states. Finally, these ectopically expressed chemosensory receptors
need to be considered potential drug targets for novel therapeutics. There has long been a
need for a new class of direct bronchodilators for treating asthma (and chronic obstructive
lung disease), and TAS2R agonists are even more effective in bronchodilating human
airways than the full g-agonists. Based on the inhibitory effects of OR51E2 on asthmatic
smooth muscle, receptor agonists may prevent the long-term consequences of the disease.
Fortunately for lung targets, the inhalation route of administration allows for higher
concentrations of drug delivery, and thus lower affinity drugs (such as many of the known
TAS2R and OR agonists) can be considered.

Taken together, the results from multiple studies in diverse and widespread cells and organs
indicate a complex, physiologically relevant, chemosensory network in the body which
responds to endogenous and exogenous ligands. These sensory receptors appear to carry out
adaptive functions, serve to predispose to disease, and represent drug targets for novel
therapeutics.
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Highlights

Bitter taste receptors and olfactory receptors are expressed throughout the
body.

In airway smooth muscle, bitter taste receptors evoke relaxation and
bronchodilation.

Olfactory receptors on airway smooth muscle decrease remodeling and
proliferation.

This localization suggests a widespread chemosensory system in the body.
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Figure 1.

TAS2R expression and function in human airway smooth muscle (HASM). (A) Relative
expression of the 25 TAS2R subtypes in HASM as determined by quantitative RT-PCR. A
high expressing (ADORAL) and low expressing (LTB4R) GPCR known to be expressed on
HASM were controls. (B) [Ca2*]; response to TAS2R agonists. Bradykinin and histamine,
acting at Gg-coupled receptors, acted as positive controls. The bitter substance salicin is an
agonist for TAS2R16 which is not expressed (see A), and showed no [Ca2*]; response.
Results are from 4-6 experiments. *p < 0.05 vs basal. (C) Relaxation of intact mouse airway
by the TAS2R agonists quinine and chloroquine. Airways were precontracted with serotonin
(n = 4 experiments). The inset shows [Ca2*]; traces in HASM in response to increasing doses
of chloroquine. (D) Maximal relaxation of intact human airways to the B-agonist
isoproterenol and the TAS2R agonists quinine and chloroquine. *, p < 0.05 vs isoproterenol
(n=5).
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Figure 2.
Single cell responses to TAS2R agonists in HASM. (A) Fourier transformed traction

microscopy of a single HASM before and 30 sec after exposure to the TAS2R agonist
chloroquine. The colors show the magnitudes of the various traction stresses throughout the
cell in Pa. The wavelength of the color is proportional to the stress (red > blue; black = 0).
(B) Magnetic twisting cytometry (MTC) studies of HASM show a relaxation response to
TASZ2R agonists chloroquine and saccharin. The expected relaxation to the p-agonist
isoproterenol (ISO) and the contraction response to histamine (Hist) are also indicated. (C)
MTC reveals physiologic responses to various pathway blockers in HASM. The relaxation
response to saccharin was not affected by the PKA inhibitor H89, was partially inhibited by
Ca%*-dependent K* channel antagonists charybdotoxin (ChTx) and iberiotoxin (IbTx), and
fully blocked by the PLCP inhibitor U73122. (D) The relaxation response to quinine is
preserved in asthmatic HASM. The MTC data in (B-D) are from > 500 measurements per
condition.
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Page 16

Properties of OR51E2 expressed on human airway smooth muscle. (A) Cytoskeletal
remodeling in HASM is inhibited by OR51E2 agonists. Shown are representative trajectory
maps of unforced ferrimagnetic beads attached to HASM using SNTM methodology (see
text). Acetate and propionate, but not formate or butyrate, inhibited spontaneous cytoskeletal
motions of HASM. (B) EdU incorporation reveals that propionate decreases HASM
proliferation. EAU-positive nuclei are labeled with Alexa Fluor 647 (purple color) while all
nuclei are labeled with DAPI (blue color). Shown is a representative study. (C) HASM
proliferation is inhibited by OR51E2 agonists acetate and proprionate (n = 4 experiments). *,
p < 0.05 vs untreated. (D) Inhibition of HASM cell proliferation by OR51E2 agonists is
preserved in cells derived from asthmatic lungs (color code same as in C).
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