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Abstract

Bitter taste receptors (TAS2Rs) express in the vasculature. Recent evidence suggests that TAS2R agonists have
different functions on vascular smooth muscles (VSMs) through variable mechanisms.
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Introduction

TAS2Rs are initially found in epithelia on the tongue. Several recent
studies have demonstrated the expression of TAS2Rs in VSMs. They
exhibit distinct functions to the activation by different TAS2R agonists.
Here, we discussed the expression and functions of TAS2Rs in VSMs
and the underlying mechanisms.

Expression of TAS2Rs in the vasculature

TAS2Rs were originally identified in the taste bud. Further studies
discovered TAS2Rs and their downstream signaling molecules in
various types of non-gustatory systems, including digestive, respiratory,
genitourinary and cardiovascular systems, as well as in the brain and
immune cells [1-6]. Here, we reviewed the literature about TAS2Rs
in VSMs of rats, mice, and pigs commonly used for cardiovascular
research. Table 1 showed the TAS2R expression in the vasculature of
humans and different animals.

Upadhyaya et al. detected 21 of 25 subtypes of hTAS2R mRNA
using RT-PCR except for hTAS2R16, 38, 40, and 41 in human
pulmonary artery smooth muscle cells [7]. However, other studies
using different primers and gene sequencing techniques, the nCounter
platform, showed the hTAS2R40 mRNA expression [8, 9] Jaggupilli
and colleagues found that hTAS2R3, 4, 5, 10, 13, 19, and 50 expressed
at moderate levels and hTAS2R14, 20 expressed at a high level in
human pulmonary artery smooth muscle [9]. Seven hTAS2R subtypes
(hTAS2R3, 4,7, 10, 14, 39, and 40) appeared in human omental arteries
[2]. hTAS2R46 was found in human aortic smooth muscle cells [10].

Seven rat TAS2R subtypes (rTAS2R107, 108, 121, 123, 137, 139,
144) and their synonyms in the mouse (mTAS2R110, 108, 130, 114,
137, 139, 140) were identified in rat and mouse pulmonary arteries,
respectively [8]. Seven rTAS2R subtypes, 39, 40, 108, 114, 130, 137,
and 140, expressed in rat mesenteric arteries, and they all expressed in
cerebral arteries except rTAS2R114 [2]. The mRNA of rTAS2R40, 108,
126, 135, 137, 143 expressed in endothelium-denuded rat thoracic aorta
[11]. Three mTAS2R subtypes (mTAS2R116, 143, 108) expressed in the
mouse aorta [10, 12]. TAS2R1 was found in porcine pulmonary artery
smooth muscles [7].

Effects of TAS2Rs on the functions of VSMs

TAS2Rs could protect organisms from the intake of toxic substances,
which is vital for animal and human survival. Moreover, TAS2Rs have
various roles in different organs or tissues. Activation of TAS2Rs
regulates the tension of the VSM and thus affects the blood pressure.
To define the function of TAS2Rs in VSMs, phenylephrine- and high

concentration of KCl pre-contracted vascular tissues are commonly
employed. Two typical bitter compounds, denatonium and quinine, are
promiscuous TAS2R agonists and commonly used in the TAS2R study
(13, 14]. Chloroquine, dextromethorphan, noscapine, and 6-n-Propyl-
2-thiouracil are also used as TAS2R agonists [4, 12, 13].

Chloroquine and noscapine relaxed phenylephrine-contracted
human pulmonary arterial rings [4]. Denatonium and 6-n-Propyl-
2-thiouracil also inhibited phenylephrine-induced contraction
in mouse aortic smooth muscle [12] Chloroquine, denatonium,
dextromethorphan, noscapine, and quinine could activate TAS2RI,
3, 4, 10, 14, and 40. They relaxed the phenylephrine-contracted aortic
rings of guinea pigs; however, there was no direct evidence for the
existence of these TAS2Rs [4]. On the contrary, saccharine, an agonist
of TAS2R43 and TAS2R44, showed no effects, and this was in line with
the absence of these two receptors in the guinea pig genome [15].

Chloroquine and quinine relaxed the KCl (60 mM) contracted
human omental arteries in a concentration-dependent manner [2].
Chloroquine relaxed KCI (60 or 140 mM) constricted rat mesenteric
and cerebral arteries and thoracic aortas [2, 16]. It also relaxed
phenylephrine or high KCI (40 or 80 mM) contracted rat pulmonary
arterial rings independently of the endothelium [8].

Some TAS2R agonists caused VSM constriction. Agonists for
mTAS2R108 and 137 elicited a steady increase in perfused mouse hearts'
aortic pressure [17]. Liu et al. reported that denatonium increased the
tonic contraction in endothelium-denuded rat thoracic aortas in a
concentration-dependent manner [11]. Upadhyaya et al. showed that
dextromethorphan, acting through pTAS2RI1, caused endothelium-
independent constriction in piglet pulmonary artery [7].

Mechanisms

TAS2Rs are G protein-coupled receptors. Upon agonist binding,
the G protein gustducin dissociates from Py subunits, and they
activate different downstream effectors [6]. Gustducin can activate
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Table 1: Species, origins, subtypes and detection techniques of TAS2Rs.
Species Cell/Tissue TAS2Rs Techniques used
hTAS2R1, 3,4,5,7, 8,9, 10, 13, 14, 39, 42, 43, 44, 45, 46, 47, 48, 49, 50, 60 RT-PCR (7)
Pulmonary artery hTAS2R3, 4, 7, 10, 14, 39, 40 RT-PCR (8)
smooth muscle cells hTAS2R1, 3,4, 5,7, 8,9, 10, 13, 14, 16, nCounter sequencing
Human 38, 39, 40, 41, 42, 30/31/43/45/46, 48, 49, 50, 60 RT-PCR (9)
Pulmonary artery hTAS2RS3, 4, 10, 14 PCR (4)
Omental artery hTAS2R3, 4, 7, 10, 14, 39, 40 RT-PCR (2)
Aortic smooth muscle cells hTAS2R46 RT-PCR (10)
Pulmonary artery rTAS2R107, 108, 121, 123, 137, 139, 144 RT-PCR (8)
Mesenteric artery rTAS2R39, 40, 108, 114, 130, 137, 140 RT-PCR (2)
Rat Cerebral artery rTAS2R39, 40, 108, 130, 137, 140
Thoracic aorta rTAS2R40, 108, 126, 135, 137, 143 RT-qPCR (11)
Pulmonary artery mTAS2R108, 110, 114, 130, 137, 139, 140 RT-PCR (8)
Mouse Aortic smooth muscle cells mTAS2R116, 143 RT-PCR (10)
Thoracic aorta mTAS2R108 RT-PCR (12)
Porcine Pulmonary artery smooth muscle cells pTAS2R1 qPCR (7)

phosphodiesterases (PDEs) and consequently suppress the intracellular
cAMP signaling [18, 19]. Gy proteins could enhance the inositol
triphosphate (IP,) production and intracellular Ca** signals [6, 18].

The acknowledged TAS2R agonists, including chloroquine,
denatonium and quinine, could activate more than one TAS2R subtypes.
Previous studies cannot assert the particular subtypes of TAS2Rs that
mediated the physiological functions due to the agonists or antagonists'
lack of selectivity and specificity.

Foster et al. [17] used HEK293T-Ga, gustia cells, which were
transiently transfected with ¢cDNA constructs coding for mTAS2Rs.
They identified that the effective concentration range of TAS2R agonists
were in the micro molar to milli molar range. They showed that sodium
thiocyanate increased the aortic pressure, a function attenuated by Gai
and GPy inhibitors, pertussis, and gallein. Liu et al. [11] reported that
six r'TAS2Rs and the downstream signaling molecule, Ga-gustducin,
expressed in the rat aorta. They showed that denatonium increased the
tension of endothelium-denuded aorta rings via TAS2R-Gagustducin-
PDEs cascade, a phenomenon blocked by a bitter taste masking agent
and PDE inhibitors. However, denatonium did not affect the total
intracellular cAMP in the aorta. It was likely that the localized cAMP
suppression mediated the denatonium-induced tonic contraction [18].
One limitation of this study was that they could not assert the function
of specific TAS2R subtypes.

Upadhyaya et al. [7] reported that dextromethorphan induced
porcine pulmonary artery vasoconstriction by increasing intracellular
Ca’* via TAS2R1 activation as demonstrated by TAS2R1 knockdown.
Moreover, dextromethorphan increased IP, production in porcine
pulmonary artery smooth muscle cells. The authors proposed that the
calcium increased through TAS2R-Gfy-PLCp signaling pathway.

Conclusion and Future Perspectives

Cumulative evidence indicates that TAS2Rs mediate a variety
of functions in VSMs. However, understanding the expression,
functions and mechanisms of TAS2Rs is still in its early stage. Up to
date, reports mostly show the TAS2R mRNA expression. The lack of
specific antibodies challenges the detection of TAS2R proteins and the
identification of their signaling cascade. The studies for determining
the TAS2R functions often use bitter compounds in the micro molar
to the millimolar range; however, the agonist at high concentrations
could exert various off-target effects. The promiscuity of bitter receptor-
ligand interactions is another issue. Thus, selective and specific agonists

and antagonists are necessary for clarifying the role of the individual
receptor. To overcome these obstacles, we may fully understand the
biological basis of TAS2Rs in VSMs in the future.

References

1. Foster SR, Porrello ER, Purdue B, Chan HW, Voigt A, et al. (2013) Expression,
regulation and putative nutrient-sensing function of taste GPCRs in the heart.
PLoS One 8: e64579.

2. Chen JG, Ping NN, Liang D, Li MY, Mi YN, et al. (2017) The expression of
bitter taste receptors in mesenteric, cerebral and omental arteries. Life Sci 170:
16-24.

3. Tan X, Sanderson MJ (2014) Bitter tasting compounds dilate airways by
inhibiting airway smooth muscle calcium oscillations and calcium sensitivity. Br
J Pharmacol 17: 646-662.

4. Manson ML, Safholm J, Al-Ameri M, Bergman P, Orre AC, et al. (2014) Bitter
taste receptor agonists mediate relaxation of human and rodent vascular
smooth muscle. Eur J Pharmacol 740: 302-311.

5. Avau B, Rotondo A, Thijs T, Andrews CN, Janssen P, et al. (2015) Targeting
extra-oral bitter taste receptors modulates gastrointestinal motility with effects
on satiation. Sci Rep 5:15985.

6. Lu P, Zhang CH, Lifshitz LM, ZhuGe R (2017) Extraoral bitter taste receptors in
health and disease. J Gen Physiol 149: 181-197.

7. Upadhyaya JD, Singh N, Sikarwar AS, Chakraborty R, Pydi SP, et al. (2014)
Dextromethorphan mediated bitter taste receptor activation in the pulmonary
circuit causes vasoconstriction. PLoS One 9: e110373.

8. Wu K, Zhang Q, Wu X, Lu W, Tang H, et al. (2017) Chloroquine is a
potent pulmonary vasodilator that attenuates hypoxia-induced pulmonary
hypertension. Br J Pharmacol 174: 4155-4172.

9. Jaggupilli A, Singh N, Upadhyaya J, Sikarwar AS, Arakawa M, et al. (2017)
Analysis of the expression of human bitter taste receptors in extraoral tissues.
Mol cell Biochem 426: 137-147.

10. Lund TC, Kobs AJ, Kramer A, Nyquist M, Kuroki MT, et al. (2013) Bone marrow
stromal and vascular smooth muscle cells have chemosensory capacity via
bitter taste receptor expression. PLoS One 8: €58945.

11. Liu M, Qian W, Subramaniyam S, Liu S, Xin W (2020) Denatonium enhanced
the tone of denuded rat aorta via bitter taste receptor and phosphodiesterase
activation. Eur J Pharmacol 872:172951.

12. Sakai H, Sato K, Kai Y, Chiba Y, Narita M (2016) Denatonium and 6-n-Propyl-
2-thiouracil, Agonists of Bitter Taste Receptor, Inhibit Contraction of Various
Types of Smooth Muscles in the Rat and Mouse. Biological & Pharmaceutical
Bulletin 39: 33-41.

13. Meyerhof W, Batram C, Kuhn C, Brockhoff A, Chudoba E, et al. (2010) The
molecular receptive ranges of human TAS2R bitter taste receptors. Chem
Senses 35: 157-170.

14. Grassin-Delyle S, Salvator H, Mantov N, Abrial C, Brollo M, et al. (2019) Bitter

J Card Pulm Rehabi, an open access journal

Volume 6 ¢ Issue 1« 1000155


https://pubmed.ncbi.nlm.nih.gov/23696900/
https://pubmed.ncbi.nlm.nih.gov/23696900/
https://www.sciencedirect.com/science/article/abs/pii/S0024320516306518
https://www.sciencedirect.com/science/article/abs/pii/S0024320516306518
https://pubmed.ncbi.nlm.nih.gov/24117140/
https://pubmed.ncbi.nlm.nih.gov/24117140/
https://pubmed.ncbi.nlm.nih.gov/25036266/
https://pubmed.ncbi.nlm.nih.gov/25036266/
https://pubmed.ncbi.nlm.nih.gov/25036266/
https://pubmed.ncbi.nlm.nih.gov/26541810/
https://pubmed.ncbi.nlm.nih.gov/26541810/
https://pubmed.ncbi.nlm.nih.gov/26541810/
https://pubmed.ncbi.nlm.nih.gov/28053191/
https://pubmed.ncbi.nlm.nih.gov/28053191/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4207743/#:~:text=Activation of T2Rs expressed in,tissues leads to vasoconstrictor responses.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4207743/#:~:text=Activation of T2Rs expressed in,tissues leads to vasoconstrictor responses.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5659991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5659991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5659991/
https://pubmed.ncbi.nlm.nih.gov/28012014/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058945
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058945
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058945
https://pubmed.ncbi.nlm.nih.gov/32006560/
https://pubmed.ncbi.nlm.nih.gov/32006560/
https://pubmed.ncbi.nlm.nih.gov/32006560/
https://pubmed.ncbi.nlm.nih.gov/27110632/
https://pubmed.ncbi.nlm.nih.gov/27110632/
https://pubmed.ncbi.nlm.nih.gov/27110632/
https://pubmed.ncbi.nlm.nih.gov/20022913/
https://pubmed.ncbi.nlm.nih.gov/20022913/
https://pubmed.ncbi.nlm.nih.gov/31632299/

Citation: Xin W, Junli Zhao MS (2022) Bitter Taste Receptor in Vascular Smooth Muscle: Expression, Functions and the Mechanisms. J Card Pulm
Rehabi 6: 155.

Page 3 of 3

Taste Receptors (TAS2Rs) in Human Lung Macrophages: Receptor Expression 17. Foster SR, Blank K, See Hoe LE, Behrens M, Meyerhof W, et al. (2014) Bitter
and Inhibitory Effects of TAS2R Agonists. Front Physiol 10: 1267. taste receptor agonists elicit G-protein-dependent negative inotropy in the

. . murine heart. FASEB J 28 :4497-4508.
15. Pulkkinen V, Manson ML, Safholm J, Adner M, Dahlen SE (2012) The bitter

taste receptor (TAS2R) agonists denatonium and chloroquine display distinct 18. Yan W, Sunavala G, Rosenzweig S, Dasso M, Brand JG, et al. (2001) Bitter
patterns of relaxation of the guinea pig trachea. Am J Physiol Lung Cell Mol taste transduced by PLC-beta(2)-dependent rise in IP(3) and alpha-gustducin-
Physiol 303: L956-966. dependent fall in cyclic nucleotides. Am J Physiol Cell Physiol 280: C742-751.

16. Sai WB, Yu MF, Wei MY, Lu Z, Zheng YM, et al. (2014) Bitter tastants induce 19. Hoon MA, Northup JK, Margolskee RF, Ryba NJP (1995) Functional expression
relaxation of rat thoracic aorta precontracted with high K(+). Clin Exp Pharmacol of the taste specific G-protein, alpha-gustducin. Biochem J 309:629-636.
Physiol 41: 301-308.

J Card Pulm Rehabi, an open access journal Volume 6 * Issue 1« 1000155


https://pubmed.ncbi.nlm.nih.gov/31632299/
https://pubmed.ncbi.nlm.nih.gov/31632299/
https://pubmed.ncbi.nlm.nih.gov/22962016/
https://pubmed.ncbi.nlm.nih.gov/22962016/
https://pubmed.ncbi.nlm.nih.gov/22962016/
https://pubmed.ncbi.nlm.nih.gov/24552423/
https://pubmed.ncbi.nlm.nih.gov/24552423/
https://pubmed.ncbi.nlm.nih.gov/25002118/
https://pubmed.ncbi.nlm.nih.gov/25002118/
https://pubmed.ncbi.nlm.nih.gov/25002118/
https://journals.physiology.org/doi/full/10.1152/ajpcell.2001.280.4.c742
https://journals.physiology.org/doi/full/10.1152/ajpcell.2001.280.4.c742
https://journals.physiology.org/doi/full/10.1152/ajpcell.2001.280.4.c742
https://pubmed.ncbi.nlm.nih.gov/7626029/
https://pubmed.ncbi.nlm.nih.gov/7626029/

	Title
	Corresponding Author
	Abstract
	References

