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Abstract: Non-gustatory, extraoral bitter taste receptors (T2Rs) are G-protein coupled
receptors that are expressed throughout the body and have various functional responses
when stimulated by bitter agonists. Presently, T2Rs have been found to be expressed in
osteoclasts and osteocytes where osteoclasts were capable of detecting bacterial quorum-
sensing molecules through the T2R38 isoform. In the innate immune system, stimulating
T2Rs induces anti-inflammatory and anti-pathogenic effects through the phospholipase C/
inositol triphosphate pathway, which leads to intracellular calcium release from the endo-
plasmic reticulum. The immune cells with functional responses to T2R activation also play
a role in bone inflammation and orthopaedic disorders. Furthermore, increasing intracellular
calcium levels in bone cells through T2R activation can potentially influence bone formation
and resorption. With recent studies finding T2R expression in bone cells, we examine the
potential of targeting this receptor to treat bone inflammation and to promote bone
anabolism.
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Introduction

G protein-coupled receptors (GPCRs) are a large, diverse group of protein receptors
that can vary widely in structure and function. Based on the GRAFS classification
system, the GPCR superfamily can be categorized into five main families:
Glutamate, Rhodopsin, Adhesion, Frizzled/Taste2, and Secretin.! Bitter taste recep-
tors (T2Rs) belong to the Frizzled/Taste2 family and consist of 25 functional
isoforms in humans. T2Rs were originally thought to be primarily functional in
the gustatory system where they served the purpose of bitter taste detection and
acted as a warning mechanism against the ingestion of noxious substances.

T2Rs have an attached heterotrimeric G-protein subunit consisting of Ga-
gustducin, GB3 and Gyl3. Activation of the receptor causes the separation of the
G-protein subunits into Ga-gustducin and the Py-gustducin dimer, which subse-
quently leads to second messengers.z’3 By-gustducin induces the phospholipase C2
(PLCB2)/inositol-1,4,5-triphosphate (IP3) signaling pathway resulting in the activa-
tion of type III IP3 receptors (IP3R) on the endoplasmic reticulum (ER) and the
release of calcium stored in the ER.* On the other hand, o-gustducin stimulates
phosphodiesterase (PDE), which hydrolyzes cAMP thereby decreasing intracellular
cAMP levels.>¢

In the past 15 years, extraoral (non-gustatory) T2Rs were discovered to be
expressed and functional in multiple regions of the body including the respiratory,
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gastrointestinal, endocrine, genitourinary, immune, cardio-
vascular and neurological system.”® When stimulated,
T2Rs can have anti-pathogenic effects in the lungs, anti-
inflammatory effects in immune cells, and regulate glucose
homeostasis in the gastrointestinal tract.”'* A majority of
extraoral T2R research has been invested in the treatment
of respiratory infections and inflammation where bitter
agonists are capable of inducing antipathogenic nitric
oxide production, promoting antimicrobial peptide secre-
tion (AMP) and increasing ciliary beat frequency in
respiratory cells.'*

Minimal studies have investigated the role of T2R
activation in orthopaedic disorders and bone. Presently,
two in vitro studies have discovered the expression of
T2Rs in bone cells. Gaida et al (2016) obtained tissue
samples from patients with osteomyelitis and observed
the expression of T2R38 on phagocytic cells such as
neutrophils, macrophages, and multinucleated osteoclastic
giant cells.'” The group found that these cells were able to
detect bacterial biofilm through the T2R38-agonising bac-
terial quorum-sensing molecule, acyl-homoserine lactone
(AHL). Lund et al (2013) investigated the presence of
T2R46 on osteocytes differentiated from mesenchymal
stromal cells.'® The study focused on the function of
human mesenchymal stromal cells and human aortic
smooth muscle cells whereas their measurements on
TAS2R46 expression in osteocytes were conducted to
confirm that expression was not lost after mesenchymal
stromal cell differentiation. Wang et al (2019) also specu-
lated the promotion of bone formation and osteoblast pro-
liferation through the activation of T2R7 by AI** based on
their study of metal ions activating the T2R7 isoform.'”
Consequently, we examine the implications of T2Rs in
bone and its potential as a therapeutic target.

Relevant Studies on Bitter Taste
Receptors

Inflammation and Infection

The ability for T2Rs to detect bacterial products was first
shown using the gram-negative bacteria, Pseudomonas
aeruginosa, where T2R38-dependent intracellular calcium
([Ca2+]i) and nitric (NO) levels in sinonasal epithelial cells
were increased in response to the bacterial secretion of
AHL."" Although chronically high levels of NO produc-
tion through inducible nitric oxide synthase (iNOS)
induced by cytokines or microbial products can be pro-
inflammatory, acute or low levels of NO can have anti-

inflammatory and antipathogenic effects.'® Similar studies
followed, exhibiting the wide binding range of T2Rs to
both gram-positive and gram-negative bacteria products
different types.
P aeruginosa were shown to activate T2Rs in T2R-

across cells Quinolones  from
transfected HEK293T cells as well as increase calcium
and NO through T2R pathways in primary airway
cells.””  N-(3 -oxododecanoyl)-L-homoserine  lactone
(AHL-12) from P aeruginosa was found to bind with
T2R38 expressed in myeloid cells.”® Gram-positive bac-
teria including Bacillus cereus, Staphylococcus aureus,
and Staphylococcus epidermidis elicited NO production
through the T2R pathway

airway.>' ?* It has been further shown that human mono-

in the upper -epithelial

cyte-derived unprimed macrophages exhibited low-level
NO production through endothelial NOS (eNOS) and neu-
ronal NOS (nNOS) isoforms.>*

Tran et al (2018) discovered expression of T2R38 in
human peripheral mononuclear blood cells (PMBCs) con-
sisting of lymphocytes, monocytes, and granulocytes.”
The authors found higher levels of T2R expression in
memory and effector T-cells compared to naive T-cells.
Furthermore, stimulation of T-cells with bitter agonists
resulted in increased T2R38 expression. The application
of the T2R38 agonist goitrin to PMBCs resulted in an
increase in calcium concentration and the inhibition of
tumour necrosis factor alpha (TNF-a) secretion.

Stimulating T2Rs in cells can also mediate histamine
and prostaglandin production. In LPS-induced blood leu-
kocytes, T2R activation using chloroquine inhibited the
release of prostaglandin E2 (PGE,) and several pro-
inflammatory factors including interleukin (IL)-1B, IL-2,
IL-4, IL-5, IL-10, IL-17, granulocyte stimulating factor
(G-CSF) and granulocyte-macrophage colony-stimulating
factor (GM-CSF).'? Both bitter agonists denatonium and
chloroquine inhibited TNF-a, IL-13 and monocyte che-
moattractant protein-1 (MCP-1). In another study, activa-
tion of T2Rs inhibited histamine and prostaglandin D2
(PGD,) in both human cord blood-derived mast cells and
the HMC1.2 cell line via the inhibition of IgE-dependent
mast cell activation.”®

Genetic Polymorphisms

Genetic and phenotypic variants among the 25 T2R iso-
forms have been observed, most notably that of T2R38.
Genetic variability of the T2R gene (TAS2R) can influ-
ence taste perception where the human population can be
categorized into non-tasters, who are unable to detect
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certain bitter flavors; intermediate tasters; and superta-
sters, who are able to detect exceedingly small quantities
of bitter compounds.’’ ' In studying the genotype-
phenotype relationship of bitter taste perception, Kim
et al (2003) identified two predominant haplotypes
based on three single-nucleotide polymorphisms (SNPs)
in a major locus on chromosome 7q (rs714598,
rs1726866, rs10246939), which were relevant to pro-
pylthiocarbamide (PTC) taste sensitivity.’® The SNPs
were positioned at the encoding amino acids 49, 262,
and 296 of the TAS2R38 allele and named according to
its variants: proline, alanine, and valine (PAV) for the
taster phenotype and alanine, valine, and isoleucine
(AVI) for the non-taster phenotype. The authors found
that PAV homozygotes (PAV/PAV) had the highest sensi-
tivity to PTC whereas PAV heterozygotes (PAV/AVI) had
a significantly lower sensitivity and AVI homozygotes
(AVI/AVI) had the lowest sensitivity.

Genetic variants are not just limited to affecting taste
perception, but can play a role in respiratory immune
responses. A study by Lee et al (2012) found that the
cellular response of human sinonasal epithelial cells
(derived from PAV/PAV supertasters) to T2R38 agonists
had the highest elevation of calcium in comparison to cells
derived from AVI/PAV and AVI/AVI individuals, both of
which  displayed minimal  calcium elevation.''
Furthermore, T2R38-stimulated PAV/PAV cells showed
higher NO production and ciliary beat frequency, resulting
in significantly enhanced bactericidal activity in vitro com-
pared to cells from the other two polymorphisms. In light
of the dependence of T2R38 function on the PAV haplo-
type, studies have also been performed to investigate the
effects of TAS2R38 polymorphisms on chronic rhinosinu-
sitis (CRS). A collection of these findings indicated that
TAS2R38 PAV/PAV supertasters were less likely to require
surgical intervention for CRS.**> Following, a study on
bacterial cultures derived from nonpolypoid CRS patient
swabs revealed that in vitro biofilm formation was inver-
sely correlated with PTC taste sensitivity.’® Likewise,
Rom et al (2017) found that the non-taster TAS2R38
genotype was a predictor for the presence of culturable
bacteria in the sinus cavity.>’

Implications in Bone

Calcium Signaling
Intracellular calcium in bone cells can be modulated
through the release of Ca®" from the ER or through

extracellular Ca®" influx through voltage gated calcium
channels.>® T2R activation influences intracellular calcium
through the PLC/IP3 pathway and calcium signaling
vitally influences multiple pathways in bone cells. The
PLC/IP3 pathway is a known mechanism for Ca®>" mobi-
lization in bone homeostasis as seen with the activation of
the calcium-sensing receptor (CaSR), a GPCR found in
both osteoblasts and osteoclasts. CaSR in response to
extracellular Ca”" is thought to regulate parathyroid secre-
tion and parathyroid hyperplasia. Interestingly, some stu-
dies have failed to detect the presence of CaSR in certain
bone cells and have surmised that a similar a cation-
sensing mechanism is present.>” This notion can be
observed in studies on strontium ranelate, which can med-
iate cell differentiation, enhance matrix mineralization,
reduce receptor activator of nuclear factor kB (RANK)
ligand (RANKL) expression and increase osteoprotegerin
expression in osteoblasts through CaSR activation.*
Despite these findings on CaSR activation, Sr*" has still
been observed to enhance proliferation in osteoblasts iso-
lated from CaSR—/— mice, indicating another mechanism at
play.*' Likewise, osteoblasts isolated from CaSR knockout
mice were also responsive to extracellular calcium.*'*?

Proposed cation-sensing alternatives to CaSR consist
of ryanodine receptors; calcyclin, an intracellular calcium-
binding protein; GPRC6A, a widely expressed GPCR; and
CaSR splice variants.>*** An additional potential receptor
that can be examined is the T2R7 isoform, where Wang
et al (2019) found that several metal ions including cal-
cium, zinc, magnesium, copper, manganese and aluminum,
elicited a dose-dependent response in TAS2R7 transfected
human embryonic kidney cells.'” In accordance, calcium
salts are perceived to have taste properties that are largely
associated with bitterness.**

In osteoblasts, increasing [Ca®*]; can induce cell pro-
liferation through the calmodulin kinase (CaMK)-
dependent pathway. In this pathway, calcium activates
calmodulin (CaM) leading to the activation of CaM
kinase II (CaMKII) and calcineurin (Cn).*® CaM has
multiple functions in regulating the activity of calcium
pumps and channels in combination with Ca®" and has
a critical role in osteoblast differentiation. Ca®"/CaM
activates Cn which binds to and dephosphorylates
nuclear factor of activated T cells (NFAT) transcription
factors. NFAT is then able to translocate into the nucleus
1).38
Stimulation of CaSRs through extracellular calcium can

where it regulates gene expression (Figure

also activate multiple targets including phospholipase
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Figure | Potential functional effects of T2R activation in bone. Osteoblast formation and osteoclastogenesis can be modulated through the PLC/IP3 signaling pathway, which
leads to the release of calcium stored in the ER. T2R activation inhibits pro-inflammatory activity in the immune cells that migrate to inflammatory sites.

C and protein kinase C, extracellular signal-regulated
kinases, c-Jun N-terminal kinase, AKT and cAMP/pro-
tein kinase A pathways with the functional effects of
regulating bone cell proliferation, differentiation and
apoptosis.*?

Calcium levels also influence bone resorption where
cytosolic Ca*" oscillations occur during RANKL-mediated
osteoclastogenesis. Activation of the PLC/IP3 pathway
through extracellular stimuli is a common mechanism for
Ca®" mobilization in osteoclasts. Binding of RANKL to
RANK eventually leads to the activation of PLCy by
spleen tyrosine kinase, the production of IP3 and the
release of Ca” from the ER.*’ In receptor agonist concen-
influx

trations of physiological conditions, calcium

through store-operated Ca”" entry (SOCE) likely plays

a role in maintaining Ca®" oscillation. High levels of
extracellular Ca®" can also increase [Ca>"]; levels through
PLC activation and regulate bone resorption activity.*’
Future studies in bone cells can thus examine the
effects of T2R activation in regulating downstream path-
ways and bone metabolism. Many of these effects can be
already be observed in copious studies using both natural
and synthetic bitter bioactives on bone cells. For example,
a study by Yamaguchi et al (2007) cultured mouse bone
marrow cells in the presence of parathyroid hormone
(PTH) to induce osteoclastogenesis.*® The authors found
that the flavonoids quercetin, myricetin, kaempferol, iso-
rhamnetin and curcumin inhibited osteoclast-like cell for-
mation whereas hesperidin and astaxanthin did not.
Culture with PTH also caused a decrease in diaphyseal
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calcium content, which was prevented by quercetin, myr-
icetin, kaempferol and isorhamnetin. Correspondingly,
hesperidin or astaxanthin are known to be neutral tasting
flavonoids whereas quercetin, myricetin, kaempferol, iso-
rhamnetin and curcumin are bitter, although curcumin has
presently not been shown to activate any T2R isoforms.*’

Osteoimmunology

Inflammatory conditions can cause imbalances in bone
homeostasis, which is observed in patients with osteoporo-
sis, osteoarthritis, implant failure/aseptic implant loosen-
ing, bone tumors and osteoarticular infections. Osteoclasts
and pro-inflammatory cytokines are two major factors that
link
Inflammatory diseases, such as rheumatoid arthritis, sys-

inflammatory  diseases to bone resorption.
temic lupus erythematosus, inflammatory bowel disease
and chronic obstructive pulmonary disease, have all been
associated with osteoporosis where RANKL, M-CSF and
pro-inflammatory cytokines are major contributors to bone
resorption.*® Aseptic loosening of total joint replacements
is caused by chronic inflammation and osteolysis, which
develops in response to particulate debris at the implant-
bone interface. This inflammatory response is manifested
by macrophages, giant cells, neutrophils, lymphocytes and
osteoclasts in addition to the secretion of pro-inflammatory
factors such as TNF, RANKL, IL-6, IL-1, and IL-11.%
Inflammation in skeletal tumor metastases also plays
a large role in osteolysis and bone resorption. The tumor
microenvironment consists of several leukocyte popula-
tions, including neutrophils, eosinophils, basophils, mono-
cytes/macrophages, dendritic cells, natural killer (NK)
cells and lymphocytes, that contribute to persistent inflam-
mation and tumor progression.’>>' The bone marrow is
rich in myeloid precursors and differentiated immune cells
where the signaling mechanisms of these cells can pro-
mote proinflammatory cell activity in the bone
microenvironment.’' Skeletal metastasis thus affects bone
homeostasis through cancer colonization and the perpetua-
tion of inflammation.

As T2R activation has been demonstrated to reduce
inflammatory factors in various immune cells, bitter ago-
nists can thus be considered for prophylactic or therapeutic
use. In the event of a bone injury, immune cells such as
NK

T-lymphocytes play an essential role in the migration of

macrophages, cells, B-lymphocytes ~ and
immune cells and multipotential stromal cells (MSCs),
osteoclastogenesis, clearance of debris at the injured site,

and the licensing of MSCs.> Pro-inflammatory cytokines

and chemokines including TNF-a, IL-1, IL-6, IL-8, MCP-
1, CCLS5, CCL3, chemokine (C-X-C motif) ligand 7
(CXCL7), stromal derived factor-1 (SDF-1) and RANKL
all contribute to this inflammatory process.

The NOS isoform expressed in bone is predominantly
eNOS where it plays a regulatory role in osteoblast activ-
ity and bone anabolism.”® During inflammation, pro-
inflammatory cytokines, such as IL-1 and TNF-a can
trigger NO production through the transcription of iNOS.
The iNOS pathway promotes IL-1 induced inflammatory
bone resorption. High concentrations of NO induced by
activation of the iNOS pathway through interferon y (IFN-
v) combined with IL-1 and/or TNF-a, however, can inhibit
osteoclast formation and activity. High NO concentration
can also inhibit osteoblast growth and differentiation.

Production of prostaglandins, such as PGE2, in osteo-
blasts and osteoclasts is largely dependent on the cycloox-
ygenase-2 (COX-2) induction. Understanding the role of
prostaglandins in human skeletal metabolism is challen-
ging due to cells having multiple G-protein linked recep-
effects.”*

Prostaglandin induction through differing pathways can

tors and exhibiting opposing functional
result in differences in the way osteoclasts or osteoblasts
differentiate. PGE2 is believed to favor bone formation
when administered intermittently and bone loss when
administered continuously.>

Mast cells also secrete several mediators that can exert
osteocatabolic or osteoprotective effects in bone and may
contribute to orthopaedic disorders such as rheumatoid
arthritis, osteoarthritis and osteoporosis.”® Patients with
these disorders tend to have higher mast cells numbers.
Mast cell mediators such as histamine, TNF-a, IL-6, PGE2
and CCL3 promote osteoclastogenesis whereas IL-1, IL-10,
TNF-0 and MCP-1 can inhibit osteoblast activity. Other mast
cell mediators are osteoprotective where transforming
growth factor-p (TGF-f) stimulates osteoblast activity and
IL-12 and IFN-y can reduce osteoclastogenesis.>®

Previously, we showed that T2R agonists are capable
of regulating many of the aforementioned pro-
inflammatory factors present in bone inflammation. Thus,
targeting this receptor in immune cells could be a method
of inhibiting the production of pro-inflammatory cytokines

and chemokines, prostaglandins, and histamine.

Osteoarticular Infections

The formation of biofilms in osteomyelitis and septic
arthritis patients can make the infection difficult to treat.
Complications in osteomyelitis can lead to osteonecrosis,
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gangrene, septic arthritis, and impaired growth in children.
Therefore, early and accurate prognosis, reducing the need
for surgical treatment, preventing or treating biofilm for-
mation, and limiting osteonecrosis are essential factors for
preferable outcomes. Dead bone or orthopedic implanta-
tions can act as a nonliving surface for the attachment of
bacteria, resulting in the formation of biofilms.>” Bacterial
biofilms have also been shown to be the reason for failed
antibiotic treatments in adult patients with orthopedic
implants.’®>°

The ability for AHL to trigger T2R38 signifies the
conceivability for bone cells to detect and functionally

react to bacterial biofilm."”

Comparatively, with regards
to respiratory cells, Lee et al (2014) stimulated T2Rs in
human solitary chemosensory cells and discovered that
neighboring epithelial cells experienced increases in [Ca®"
]; by receiving calcium ions through the gap junction. The
increase in calcium levels triggered the secretion of two
AMPs, human B-defensins 1 and 2.°° Similarly, osteoblasts
have been shown to produce human B-defensin-3 (HBD3)
and human [-defensin-2 (HBD2) in the presence of
bacteria.’** The induction of HBD3 has been found to
be dependent on toll-like receptors-2 and —4.°* The
mechanism for HBD production could be in part through
the activation of p38 mitogen-activated protein kinase
(MAPK) and nuclear factor-xB (NF-«xB) pathways.63 The
mechanism of action for HBD2 secretion in osteoblasts
has yet to be determined, but the presence of toll-like
receptors on osteoblasts does not preclude the involvement
of other receptors, such as the nucleotide-binding oligo-
merization domain and T2Rs.®'

Genetic polymorphisms may also affect outcomes in
osteoarticular infections. Factors such as the severity of
infection, number of surgeries required, recurrence or the
formation of bacterial biofilm can be influenced by innate
responses related to T2R variants, as seen in CRS patients
with T2R38 polymorphisms.** =7 Thus, along with the
anti-inflammatory effects of T2R agonists, potential topics
of study for osteoarticular infections include the release of
AMPs in osteoblasts through T2R stimulation and the
consequence of genetic variants.

Potential for Drug Development

Research in targeting T2Rs for clinical use is still in its
infancy where in vivo studies on the efficacy of T2R
agonists have mostly been conducted in animal studies.
Challenges for the development of T2R-agonising drugs
include the poor bioavailability of natural bitter bioactives

as seen in bitter flavonoids.®* In addition, re-purposed
synthetic drugs may lack sufficient potency and the phar-
maceutical effects of these drugs may be attributed to other
mechanisms. T2R isoforms can also range from being
broadly tuned to narrowly tuned and it is suggested that
many bitter compounds only function as a partial
agonist.*” A bitter compound can also be agonistic to
one T2R isoform, but antagonistic to another. Despite
these limitations, there has been some progress in the
screening and development of more potent agonists as
well as progress in the clinical application of T2R-
targeting drugs.

Research on T2R agonists can lead to the discovery of
novel drug candidates. Recently, Kim et al (2020) screened
for T2RS agonists using human airway smooth muscle to
identify potent compounds. The authors identified a highly
potent compound (ECso ~ 120 nM) in 1,10-Phenanthroline
-5,6-dione, which had a >1000-fold improvement in
110-Phenanthroline
-5,6-dione also had maximal efficacy based on [Ca®'];

potency over other compounds.
release in airway smooth muscle cells.

Regarding the clinical usage of T2R agonists, MP-
AzeFlu (Dymista™; spray of azelastine/fluticasone propio-
nate) is a relatively new pharmaceutical drug used to treat
allergic rhinitis. It has been found to be more effective
than azelastine hydrochloride (AZE) or fluticasone propio-
nate alone in reducing cytokine secretion and reducing
eosinophil survival.®> Upon investigation towards the
mechanism of MP-AzeFlu, Ekstedt et al (2020) discovered
that the dilatory effects of MP-AzeFlu were independent
of the common airway dilatory pathways involving hista-
mine receptors (H1-, H2- and H3-), prostaglandins, cAMP
and ¢cGMP.®® When examining pre-contracted murine air-
ways, the authors found that MP-AzeFlu and AZE had
dilatory effects similar to that of T2R agonists, suggesting
that MP-AzeFlu functioned through bitter taste receptor
activation.

Deloose et al (2017) studied the effects of the bitter
tastant denatonium benzoate on antral motility and hunger
ratings in healthy volunteers.®” Upon intragastric adminis-
tration of denatonium benzoate, women were found more
likely to have decreased motilin plasma concentrations and
a decrease in hunger ratings with increased satiety. The
same group performed a similar study to evaluate the
gastrointestinal effects of the bitter tastant quinine-
hydrochloride (QHCI) in healthy female volunteers.®®
Results showed that the intragastric administration of
QHCI suppressed the increase of motilin and ghrelin
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plasma levels as well as reduced the fluctuation of antral
motility. Thus, these clinical studies demonstrated the
potential of T2Rs as targets for interdigestive motility.
Researchers have found that T2Rs can also be
expressed in the skin where bitter agonists induced cal-
cium influx in keratinocytes and initiated differentiation
through the expression of keratin 10, involucrin and
transglutaminase.®” The same group noted in a patent
that the topical application of a cream with T2R ligands
relieved itchiness and redness in a case of atopic eczema.””
Consequently, three different routes of T2R agonist deliv-
ery have been presented in the forms of inhalation, intragas-
tric infusion and topical administration. Drug delivery
methods for bone can also be diverse as oral administration
of T2R-targeting drugs may result in poor bioavailability or
induce adverse effects at high dosages. Viable methods of
drug administration to target bone include nasal delivery,
parenteral routes and local implantation.”’ In orthopaedic
conditions that require surgical debridement procedures,
such as osteomyelitis, antibiotic-loaded implants or biode-
gradable drug delivery scaffolds can be used to fill tissue
voids and facilitate the healing process.”” In this manner,
local implanted delivery of T2R agonists could potentially
improve anti-microbial and anti-inflammatory effects in
order to fight off infection and prevent bone resorption.
More advanced methods such as an osteotropic drug delivery
system using nanoparticles to passively target bone are also

potential research topics in delivering T2R ligands.”""?

Conclusion
In this article, we provided an insight to the potential role
of T2Rs in orthopaedics and bone cells. Through the T2R
pathway, it is currently known that bitter agonists can
reduce or inhibit inflammatory effects and regulate cal-
cium signaling through second messengers via the separa-
tion of G-protein subunits. Anti-inflammatory medications
are widely used for various orthopaedic conditions since
inflammation plays a fundamental role in bone resorption.
T2R agonists can be studied as an alternative to nonster-
oidal anti-inflammatory medications in order to avoid side
effects or as additive treatment to improve efficacy. Future
directions in understanding the role of T2Rs in bone
homeostasis consist of examining the functional responses
of T2R activation in bone cells.

Specific research considerations also emerge, such as
the ability for osteoblasts to detect AHL in bacterial
biofilm through the T2R pathway and the ability for
release HBD’s in

these osteoblasts to response.

Furthermore, genetic TAS2R polymorphisms in patients
with osteoarticular infections could play a factor in bac-
terial resistance or in the frequency of surgical interven-
tion. Knowledge of TAS2R polymorphisms could assist
physicians in predicting the course of the disease and
facilitate treatment decisions. Lastly, controversy over
the presence of a cation-sensing mechanism in osteo-
blasts similar to that of CaSR could possibly be
explained by functional T2Rs where metal ions are able
to trigger the T2R7 isoform. Targeting a novel cation-
sensing mechanism in osteoblasts and osteoclasts may be
a method to simultaneously promote bone formation and
inhibit bone resorption in order to increase bone mass for
orthopaedic disorders such as osteoporosis.
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