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Abstract

Obesity is characterized by chronic low-grade inflammation that could lead to the other health complications, such
as cardiovascular disease, diabetes, and various cancers. Nutrient intake and dietary preferences are often modu-
lated by taste receptors in the taste buds. Emerging evidence has shown that taste perception is altered during
the development of obesity. It is demonstrated that suppression of taste receptor or taste signaling molecules can
potentiate inflammatory response, whereas progressive inflammation has shown to attenuate the expression of
taste receptors in vivo, which could be suggestive of an interplay between taste signaling and inflammation. This
review summarizes the interactions between types 1 and 2 taste receptors and inflammation, as well as the impact
of obesity on taste signaling. Taken together, taste receptors might play a crucial role in regulating the inflammatory
response during obesity and hence may serve as a potential therapeutic target to prevent the progression of obesity.
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et al., 2014; Patel et al., 2018; Wang et al., 2020). These types of
taste GPCRs may exert functions that is beyond taste detection
to regulate the metabolism of the host (Gilca et al., 2017; Patel et
al., 2018; Wang et al., 2020). The implications of taste GPCRs in

1. Introduction

Obesity and overweight are affecting one-third of the global popu-
lation. It is generally recognized that obesity is characterized by

chronic low-grade inflammation (Dandona et al., 2003; Kolb et
al., 2016; Saktiel and Olefsky, 2017). Indeed, inflammation is a
known underlying contributor to many chronic diseases, includ-
ing colorectal cancer, cardiovascular disease, and diabetes. It has
been reported that taste preference is altered in obese individu-
als (De Jonghe et al., 2005; Hajnal et al., 2005; Kaufman et al.,
2020; Scruggs et al., 1994; Umabiki et al., 2010; Yamada et al.,
1999), and thus may alter their perception to taste and eating be-
havior. Taste buds are known to be expressed in the tongue epi-
thelium to detect the five basic tastes. However, recent evidence
has suggested that, other than in the oral cavity, some taste related
G protein-coupled receptors (GPCRs) and taste signal transduc-
tion molecules, are found in extraoral locations, such as pancreas,
adipocyte, gastrointestinal tract (GI), and respiratory tract (Laffitte

inflammation has been supported by the evidence that type 2 taste
receptors (T2Rs) in the upper airway epithelium can detect bitter
components and regulate the respiratory innate immunity (Douglas
and Cohen., 2017; Grassin-Delyle et al., 2019; Lee and Cohen,
2015; Sharma et al., 2017). This has prompted us to investigate the
potential role of taste GPCRs in obesity and its impact on obesity-
induced inflammation, a condition that dictate the morbidity and
mortality rate among the obese.

2. Nutrient sensing via G-protein coupled-receptors

The sense of taste has allowed mammals to evaluate food quality
and influence our ability to metabolize food. Taste perception be-

2 Copyright: © 2022 International Society for Nutraceuticals and Functional Foods.
All rights reserved.



Koh et al.

Role of taste receptors on obesity induced inflammation

gins when chemicals in food interact with the taste buds of the oral
cavity to distinguish five basic tastes — sweet, bitter, umami, sour,
and salty. Sweetness and umami are innately attractive and usually
perceived as pleasure and energy-rich foods. Bitter and sour taste
could signal as toxic and spoiled foods, while saltiness is important
for electrolyte balance. It is known that each of the distinct taste
qualities are mediated by specialized taste receptors. For exam-
ple, salty and sour are driven by ion channels, while the taste of
sweet, umami, and bitter are usually mediated by specific GPCRs.
Type 1 taste receptors (T1Rs) is the first identified taste receptor
of the GPCR family. There are 3 different T1R receptor subunits —
TASIRI (TIR1), TASIR2 (T1R2), and TASIR3 (T1R3), of which
they often function as heterooligomers. Coupling of TIR2 and
T1R3 is usually activated by sweet components, whereas T1R1
and T1R3 heterodimer detects glutamate and some L-amino acids,
or the umami flavor (Julius and Nathans, 2012; Margolskee, 2002;
Zhang et al., 2003). Another member of the GPCR superfamily
includes the type 2 taste receptors (T2Rs), or commonly known as
the bitter taste receptors. There is a total of 25 subtypes of T2Rs in
human — some could response to a broad range of stimuli, while
some only selectively activated by a few bitter agonists (Adler et
al., 2000; Fisher et al., 2005; Meyerhof, 2005).

These taste GPCRs have seven transmembrane domains and
belong to the family of Type II taste cells, which comprise ap-
proximately 30-40% of cells in the taste bud (SC 2016). While
extracellular N-terminal interact with the ligands, the intracellular
C-terminal is generally associated with a heterotrimetric G-pro-
tein. In the case with taste GPCRs, these would include the Ga-
gustducin and the G-fy heterodimer. The canonical pathway for
sweet, umami, and bitter may involve different subset of type II
taste cells; however, they do signal through a common downstream
pathway to stimulate gustatory response (Zhang et al., 2013). Upon
ligand binding, the G-fy subunit will dissociate from the receptor
and activate the cleavage of phosphatidylinositol 4,5-bisphosphate
(PIP2) into inositol 1,4,5-trisphosphate (IP3) and diacylglycerol
(DAG). Both IP3 and DAG are served assecondary messengers.
IP3, specifically, induces the release of intracellular calcium to
evoke the release of ATP ( Behrens et al., 2011; Kinnamon, 2012;
Nelson et al., 2001). Unlike the G-By subunit, Ga-gustducin can
act through the phosphodiesterases to lower intracellular cAMP.
It is proposed that the reduced cAMP is needed to mitigate the
phosphorylation of calcium signaling effectors and hence maxi-
mizing the taste stimulation response (Kan et al., 2008; Trubey et
al., 2000).

3. Taste alternation in obesity

Obesity is recognized as a public health crisis affecting about
42.4% of U.S. population (Prevention CfDCa, 2020). It is expect-
ed that, by 2030, over 573 million adults worldwide will become
overweight or obese if the secular trends continue ( Kelly et al.,
2008). Obesity is a complex and multifactorial disease that sig-
nificantly increases the risk for other chronic diseases, including
type 2 diabetes, cardiovascular disease, and cancers (Bardou et
al., 2013; Kolb et al., 2016; Yu et al., 2020). Continuous effort
has been made to evaluate the impact of eating behavior on the
progression of obesity. Recently, taste loss was detected in mice
fed a high-fat diet, in which taste cell proliferation and density
of fungiform papillae, where taste buds are housed, was signifi-
cantly reduced compared to mice fed a standard diet (Kaufman et
al., 2020). This observation also translated to humans, of which
the density of fungiform papillae was inversely related to adipos-

ity in young adult men(Kaufman et al., 2020), which could suggest
an alteration of chemosensory signaling during the development
of obesity. Early studies utilizing genetically obese rodent models
has recognized the preliminary impact of obesity on taste prefer-
ence. It was shown in these studies that obese mice provoked an
enhanced preference for sucrose or other sweet-tasting chemicals
such as fructose and saccharin (De Jonghe et al., 2005; Hajnal et
al., 2005; Yamada et al., 1999). These changes may further influ-
ence appetite and eating behavior, as well as body weight regu-
lation. Interestingly, when subjected to gastric bypass surgery, a
common bariatric procedure for weight reduction, these obese ro-
dents exhibited improved glucose tolerance and decreased prefer-
ence for sucrose (Hajnal et al., 2010). In line with these preclinical
studies, sweet preference was shown to be significantly greater
among obese individuals (Mizuta et al., 2008); however, patients
who underwent weight loss, either surgically or via energy restric-
tions, were associated with enhanced sweet taste acuity and lower
recognition threshold for sucrose (Scruggs et al., 1994; Umabiki
et al., 2010). It was demonstrated that disruption of both T1R2
and T1R3 mitigate the accumulation of fat mass in mice fed an
obesogenic diet (Simon et al., 2014; Smith et al., 2016). While the
metabolic phenotype could be driven by the absence of either of
the receptor, the regulatory role of TIR and T2R in adipogenesis
remained to be elucidated.

3.1. Taste modulator in obesity: leptin

The mechanisms underlying obesity and taste alteration is not en-
tirely clear. One possible mechanism could involve the action of
leptin. Leptin is an anorexigenic hormone secreted from the adi-
pose tissue to regulate food intake and energy expenditure. Mizuta
et al (Mizuta et al., 2008) was one of the first groups to show an
association between the polymorphisms of leptin and leptin recep-
tor gene with sweet preferences and obesity among the residents
in Japan. Indeed, endogenous (Niki et al., 2015) and exogenous
administration of leptin (Kawai et al., 2000; Yoshida et al., 2015)
has shown to suppress the peripheral taste response in wild type
lean mice by activating the K+ channels in sweet-responsive taste
cells (Yoshida et al., 2015). In contrast, disruption of leptin sign-
aling, such that commonly observed in the db/db mice, showed
no difference in sweet taste sensitivities, suggesting that greater
preference for sweet taste in obese mice could be driven by leptin
(Yoshida et al., 2015).

3.2. Taste modulator in obesity: gut peptides

Recent studies have revealed an emerging role of T1Rs and T2Rs
along GI tract that could be beyond the conscious assessment of
taste quality (Carey and Lee, 2019; Depoortere, 2014; Gu et al.,
2015; Kok et al., 2018; Smith et al., 2016). Some of the distinct
cell types are found in both the human gastric mucosa and up-
per GI tract, which is structurally and functionally similar to the
lingual taste sensory cells (Kokrashvili et al., 2009b; Mace et al.,
2007; Widmayer et al., 2012). These types of chemosensory mech-
anisms in the gut are usually responsible for modulating metabolic
processes and nutrient uptake (Jiang et al., 2007; Janssen et al.,
2011; Margolskee et al., 2007). Nutrient sensing in the gut, like
the taste buds, is regulated by specialized epithelial cells, mainly
the enteroendocrine and tuft cells. The enteroendocrine cells are
located within the brush border and thus have direct contact with
digested nutrients. Unlike the enteroendocrine cells, the role of tuft
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cells in the gut chemosensory is not entirely clear. Tuft cells share
similarities with chemosensory cells in the taste buds and express
taste signaling components. Thus, it is postulated that tuft cells
may work cooperatively with enteroendocrine cells and entero-
cytes to regulate GI sensing.

It has been widely reported that expressions of intestinal T1R2
and T1R3, as well as their transduction proteins are critical me-
diator in regulating the intestinal glucose absorption, particularly
via secretion of gut hormones, such as GLP-1 (Jiang et al., 2007;
Kokrashvili et al., 2009a; Mace et al., 2007; Margolskee et al.,
2007). Specifically, both the a-gustducin knockout mice and T1R3
knockout mice failed to produce GLP-1 in the duodenal cells upon
intestinal glucose injection (Jiang et al., 2007; Kokrashvili et al.,
2009a). This is further supported by in vitro studies demonstrated
that deficient in a-gustducin in the enteroendocrine cell line NCI-
H716 compromised the secretion of GLP-1 when stimulated with
glucose (Jiang et al., 2007). Taken together, these studies have es-
tablished a significant role of taste signaling elements in the gut in
modulating glucose homeostasis.

Like T1Rs, the expression of T2Rs have also been identified
along the GI tract to regulate the production of orexigenic and
anorexigenic peptides, such as ghrelin, CCK, and GLP-1 (Dotson
et al., 2008; Janssen et al., 2011; Kok et al., 2018). Bitter taste
has evolved as a signal for harmful substances and hence facili-
tate a response to limit toxin ingestion and absorption. Mounting
evidence has supported a role of extraoral T2Rs in various physi-
ological processes, including obesity, hypertension, and cancer
(Cancello et al., 2020; Choi., 2019; Cui et al., 2019; Singh et al.,
2020). A cohort study has also demonstrated that genetic variation
of T2R38 was associated with body weight changes (Choi., 2019).
This is also supported by Latorre et al (Latorre et al., 2016) in
which they have reported an upregulation of T2R38 in overweight
and obese individuals. Yet the polymorphisms of T2R38 and body
weight regulation remains controversial as others have reported no
association between BMI and T2R38 polymorphisms, particularly
in southern Italy (Gallo, Grossi, et al., 2016) and India (Desha-
ware and Singhal., 2017). In addition to body weight and adiposity,
T2Rs were also heavily involved in maintaining glucose balance.
It was revealed that disruption of a variant of T2R (i.e. T2R9) com-
promised glucose homeostasis and increased the risk for develop-
ing type 2 diabetes (Dotson et al., 2008). In the same study, Dotson
and colleagues (Dotson et al., 2008) also confirmed the presence of
T2R9 in the gut enteroendocrine L cells and stimulation with T2R9
ligand can elicit the secretion of GLP-1. In another study, chronic
activation of T2R108 has shown to attenuate body weight gain via
reduction of fat mass, along with an increased level of GLP-1 in
diet-induced obese mice (Kok et al., 2018). These phenotypical
changes were also accompanied by a significant improvement in
glucose tolerance and insulin sensitivity, as well as suppression
of several pro-inflammatory cytokines and chemokines, including
TNF-a, IL-1b, IL-6, and MCP-1, all of which are usually induced
during an obese state (Kok et al., 2018). T2R108 is one of the five
T2Rs that are most abundant along the GI tract, including the en-
teroendocrine and tuft cells. Though the interaction between T2Rs
and inflammation remained to be investigated, these data provide
critical information on the possible involvement of T2Rs on GI
inflammation induced by obesity.

4. Obesity and low-grade inflammation

Several key inflammation markers have shown to consistently as-
sociated with obesity and obesity-related pathologies (Dandona et

al., 2003; Kolb et al., 2016; Saktiel and Olefsky, 2017), indicating
that the trigger of these immune responses could augment the prev-
alence of comorbidities in the obese. Hence, strategies to prevent
obesity-mediated inflammation could be effective in managing
the progression of secondary complications. The mechanisms un-
derlying obesity and inflammation remain unclear. It is proposed
that hypertrophic adipocytes in obese adults allows immune cells
infiltration into the adipocytes, and that the subsequent recruit-
ment of pro-inflammatory cytokines amplifies the signal that later
contribute to systemic low-grade inflammation (Dandona et al.,
2003; Kim et al., 2007; Xu et al., 2003). These signals are believed
to be the “survival” signal to prevent uncontrolled expansion of
adipocytes when caloric intake become excessive. However, over-
whelmed production of these pro-inflammatory cytokines, such as
TNF-a, IL-1b, and IL-6, may further disrupt the insulin receptor
signaling in the peripheral tissues to promote ectopic lipid stor-
age and hypertriglyceridemia, leading to a condition of what we
commonly referred to as insulin resistance (Dandona et al., 2003).

Another possible mechanism that could lead to chronic low-
grade inflammation in the obese could be due to the presence of
lipopolysaccharides (LPS), an endotoxin commonly found on the
outer membrane of gram-negative bacteria. Elevated plasma LPS
is known as metabolic endotoxemia and it is associated with the
onset of obesity and insulin resistance (Cani et al., 2007; Clem-
ente-Postigo et al., 2019). LPS can cross through the intestinal mu-
cosa through leaky tight junctions and enter the systemic circula-
tion. Because LPS is a known ligand to toll-like receptor 4 (TLR4),
it could subsequently activate a cascade of cellular signaling to
induce inflammation and trigger innate immune response. Mice
lacking the TLR4 were, however, protected from insulin resistance
accompanied with reduced oxidative stress and chronic inflamma-
tion induced by a high-fat diet (Lin et al., 2020; Shi et al., 2006),
suggesting that TLR4 plays a crucial role in regulating obesity-
induced inflammation.

It has been demonstrated that gut dysbiosis, or imbalance of
gut microbiota, was partially contributed to the pathophysio-
logical regulation of endotoxemia (Cani et al., 2007). Cani et al
demonstrated that in their study that mice fed a high-fat diet was
associated with elevated plasma LPS and lower abundance of Bi-
fidobacterium species, and that restoration of gut bifidobacterial
content significantly improved the glucose tolerance and insulin
sensitivity in these mice. The role of gut microbiota in obesity was
established via the utilization of germ-free animal model. In these
studies, germ-free mice were reported to be resistant to obesity,
whereas colonization with gut microbiota derived from obese mice
resulted in significantly increase in body fat in the germ-free mice
(Bickhed et al., 2004; Béackhed et al., 2007; Wang et al., 2007).
These findings have then shed some lights on how gut microbiota
can manipulate energy balance of the host and their metabolic ac-
tivities. Moreover, numerous other clinical and preclinical studies
have shown that gut dysbiosis perturbs the homeostatic interac-
tions between microbiota and gut health, which could subsequent-
ly lead to metabolic disorders such as inflammatory bowel dis-
ease and colorectal cancer (Cani and Jordan, 2018; Gagniére et
al., 2016; Jangid et al., 2020; Lo Presti et al., 2019). However, it is
still unclear on how gut microbiota interacts with the host system
to regulate the inflammatory processes, specifically on obesity and
obesity-associated complication.

5. Taste signaling and inflammation: implication in obesity

The regulation of inflammatory response by T2Rs has been well
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established in the respiratory tract (Douglas and Cohen., 2017;
Grassin-Delyle et al., 2019; Lee and Cohen, 2015; Sharma et al.,
2017), highlighting the role of extra oral TIRs and T2Rs in im-
mune function. In this notion, taste signaling and/or taste GPCRs
might have similar impact on obesity-induced low-grade inflam-
mation. Obesity has been known as an emerging risk factor for
gut-related diseases, including IBD and colorectal cancer (Adams
et al., 2007; Park et al., 2012; Wunderlich et al., 2018), possibly
driven by the sustainable mild inflammatory status during the pro-
gression of obesity. The role of taste signaling on gut inflammation
was evidenced in a study by Feng et al (Feng et al., 2018) when
a-gustducin knockout mice were shown to be more susceptible to
colitis after administration of DSS compared to wild-type mice.
In addition to enhanced immune cells infiltration in the colon of
o-gustducin knockout mice, they also exhibited elevated expres-
sion of colonic pro-inflammatory cytokines (i.e. TNFa and IFN-y)
as well as a decreased expression of anti-inflammatory markers
(i.e. IL-10, TGF-B, and IL13) in the colon (Feng et al., 2018). More
importantly, expression of T2R38 bitter taste receptor have been
identified in both resting and activated lymphocytes, which could
further imply a direct regulatory role of T2R in immune function
(Tran et al., 2018).

Several other studies have also described the inflammatory re-
sponses that are regulated by T2Rs. It was discovered that recep-
tors for inflammatory cytokine are highly abundant in taste bud
cells (Feng et al., 2014; Feng et al., 2012). Further, inflammation
can modulate peripheral taste function and exacerbate the expres-
sion of pro-inflammatory cytokines, such as TNFa (Cohn et al.,
2010; Feng et al., 2015) and interferon-mediated pathways (Wang
et al., 2007). TNFa knockout mice, for example, have found to
be less responsive to bitter compounds, suggesting that TNFa
may be involved in taste sensory (Feng et al., 2015). It is likely
that the hyporesponsive to bitter compound could be caused by
the disruption of TNFa signaling rather than diminished structure
of taste cells (Feng et al., 2015). This contrasts with what have
observed in the study by Cohn et al (Cohn et al., 2010), where
LPS-induced inflammation has shown to diminish the proliferation
of taste progenitor cells as well as interfere with taste cell renew-
als. In line with this observation, Kaufman (Kaufman et al., 2018)
also demonstrated that taste bud abundance and taste cell renewal
were attenuated by low-grade inflammation resulting from obesity,
whereas no changes were observed in the lean mice. In addition,
high-fat diet induced obesity further potentiated the expression of
TNFa in the taste buds, which was correlated with an increased ad-
iposity in these mice (Kaufman et al., 2018). More recently, it was
reported that expression of TLRs, including TLR4, was detected
in the organoids derived from the mouse circumvallate stem cells
(Feng et al., 2020). These organoids also encoded all five genes
of the NF-kB family, a critical transcriptional factor in regulating
inflammatory response. When stimulated with LPS, a ligand to
TLR4, pro-inflammatory cytokines, such as TNFo and IL-6, were
upregulated in the taste organoids (Feng et al., 2020). Clearly, taste
cells exerted potential immunoregulatory role to alter taste prefer-
ence, though the underlying mechanisms are still warranted.

Utilization of the TLR4 knockout (KO) model has further sup-
ported that TLR4 is a key mediator in regulating food preference
and post-ingestion metabolic changes as these TLR4 null mice ex-
hibited reduced preference for sweet and lipids (Camandola and
Mattson, 2017), suggesting that TLR4 activation is required to pro-
mote intake of obesogenic foods. However, Zhu et al (Zhu et al.,
2014) has reported a different observation, where they have dem-
onstrated that chronic activation of TLR4 via administration of ex-
ogenous LPS could inhibit or delay sweet taste response in mice
(Zhu et al., 2014). The conflicted data reported by these studies is

especially interesting. It should be noted that in the study by Ca-
mandola and Mattson (2017), high-fat diet was employed, whereas
with Zhu et al (Zhu et al., 2014), standard chow diet was used
prior to performing the two-bottle preference test. As discussed
earlier, activation of TLR4 is a key step to trigger innate immune
response during obesity. Hence, it is very likely that adiposity may
have impacted the differential responses observed in these stud-
ies. Because inflammation status was not assessed in these stud-
ies, whether the change in taste preference is related to low-grade
inflammation resulting from obesity and what is the role of these
inflammation-associated molecules in taste signaling remained to
be investigated. Instead, these studies have sparked an interesting
crosstalk between innate immunity and chemosensory signaling.

5.1. GLP-1: an anti-inflammatory agent

While studies have suggested a potential interaction between taste
signaling and inflammation, the role of taste receptors in mediat-
ing the changes of taste preference or taste perception in obesity
is not entirely clear. One possible mechanism could be related to
GLP-1 secretion that is regulated by taste GPCRs. GLP-1 is gener-
ally released upon stimulation of ingested nutrients. In humans,
GLP-1 has a critical role in maintaining glucose homeostasis. Even
though the receptor for GLP-1 was first identified in the gut and
pancreatic f-cells (Mortensen et al., 2000; Niki et al., 2015), it
has now been acknowledged that GLP-1 receptors are also ex-
pressed in the adipose tissues, central nervous system, and taste
cells (Ejarque et al., 2019; Feng et al., 2008; Muscogiuri et al.,
2017; Shi et al., 2015; Zhao et al., 2019 ) with functions that are
beyond glycemic control. For example, GLP-1 receptor in taste
cells has shown to alter taste sensitive to sweet and umami (Feng
et al., 2008; Martin et al., 2009; Simon et al., 2014), while the re-
ceptor in the immune cells can directly regulate the production of
inflammatory cytokines (Tran et al., 2018). In obese mice receiv-
ing exenatide, a GLP-1 agonist, they also tend to have lower body
weight and enhanced sensitivity to sweet taste, compared to those
that received vehicle treatment (Zhang et al., 2013). In fact, GLP-1
analogs have also been used as a common anti-inflammatory drug
to alleviate complications resulting from type 2 diabetes (Jung et
al., 2015; Shi et al., 2015), gut inflammation and inflammatory
bowel disease (Anbahagan et al., 2017; Hogan et al., 2014), as
well as cardiovascular diseases (Liu and Kong, 2020; Nauck et al.,
2017).Hence, activation of taste GPCRs to produce GLP-1 could
be a protective mechanism to suppress inflammatory responses.

5.2. Crosstalk between gut microbiota and taste signaling

Gut microbiota is an emerging factor contributing to metabolic dis-
orders. The GI tract has a dense population of gut microbial with
at least 1000 different species of known bacteria. The composition
of gut microbiota can be manipulated by diet and other external
factors to alter energy harvest capacity of the host. Interestingly,
it has been shown that in germ-free mice, expression of TIR3 in
the intestinal epithelium, but not in the lingual epithelium, was sig-
nificantly higher compared to conventional mice, accompanied by
an increased preference for sucrose solution at high concentration
(Swartz et al., 2012). Furthermore, Latorre et al also reported a
preliminary observation by which an antibiotic treatment has sup-
pressed the elevation of T2R38 in the gut. The concept that gut
microbiota may attribute a role in taste receptor-mediated inflam-
mation is relatively new. However, it is well documented that in
the respiratory tract, T2R38 can mediate the innate immune de-
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Figure 1. Potential regulatory role of T1Rs and T2Rs in obesity-induced inflammation. T1Rs and T2Rs can modulate the secretion of GLP-1, a potential
anti-inflammatory agent, and work in conjunction with leptin or other gut peptides to regulate food intake and host metabolism. Obesity can also alter gut
microbiome, which could impact the expression of taste receptors directly or via TLR4 attenuation to inhibit subsequent inflammatory responses. Another
putative mechanism might involve the activation of FFARs upon binding to short chain fatty acids resulting from microbial fermentation of dietary fiber.

fense mechanism upon activation by a quorum-sensing molecule
secreted by gram-negative bacteria (Carey et al., 2017; Gaida et
al., 2016; Lee and Cohen, 2015; Maurer et al., 2015). Hence, it is
possible that bacteria or bacteria metabolites have the similar abil-
ity to modulate inflammation in the gut or other targeted tissues.
Because high-fat diet is known to alter gut microbial community
(Cani et al., 2007; Netto et al., 2018), this could subsequently in-
fluence the expression of taste GPCRs and their downstream sign-
aling, thus altering innate immunity and metabolism of the host.
Though more work must be done, this new information may shed
some light on the possible interaction between gut microbiota and
taste GPCRs, as we as their implications on obesity-induced in-
flammation.

Gut microbiota can also impact inflammation via the produc-
tion of short chain fatty acids (SCFAs). Receptors for short-chain
fatty acids (FFARs) have been identified in the intestinal L-cells
to possibly regulate the homeostasis glucose and lipid metabolism
(Kaji et al., 2014). FFARs are also belong the family of GPCRs.
Though it has been a debatable topic on whether fat can be classi-
fied as the sixth basic taste, FFARs are found in taste cells located
in the oral cavity to regulate orosensory response to fats (Godinot
etal., 2013). It is uncertain whether FFARSs in the oral cavity and in
the gut share similar functions; yet, intestinal FFARs have shown
to be a critical factor in facilitating the crosstalk between gut mi-
crobiota and host metabolism upon binding to SCFAs. SCFAs are
by-products of microbial fermentation of dietary fiber. Some of the
common examples are butyrate, propionate, and acetate. Not only
do these SCFASs serve as an energy source for colonocytes, others,
such as acetate and propionate, are critical in hepatic gluconeogen-
esis (Ji et al., 2019; Yoshida et al., 2019). Studies have also dem-
onstrated that SCFAs can modulate the secretion of gut peptide
hormones, including GLP-1 and PYY (Christiansen et al., 2018;
Psichas et al., 2015). In addition, SCFA-mediated FFAR activation
has shown to protect intestinal integrity by restoring the expression
of tight junction proteins (Feng et al., 2018; Zheng et al., 2017).
Mice that are deficient in FFARs can further augment the inflam-
matory status in mouse model of colitis, colon cancer, and obesity
(Kimura et al., 2013; Pan et al., 2018; Sina et al., 2009; Smith et
al., 2013), when compared to the wild type mice. On the other

hand, stimulation of FFARs with SCFA or intake of dietary fiber
can attenuate the secretion of selected pro-inflammatory cytokines
(Hu et al., 2018; Wenzel et al., 2020; Xu et al., 2008), indicating
that FFARs could be a critical mediator underlies the protective
effect of SCFAs.

6. Conclusions

Obesity is a growing epidemic that is affecting about 42% of the
U.S. population. Characterized by inflammation, obesity increases
the risk for developing secondary conditions, such as cancer and
cardiovascular disease. It has been proposed that taste can directly
regulate food intake and hence may play a significant role in body
weight regulation. Moreover, mounting evidence has suggested
that taste perception is altered in obesity and that TIR, T2R, or
associated transduction signaling molecules are involved in regu-
lating innate immunity. It is hypothesized that inflammation sta-
tus could be dependent on taste signaling, which could also serve
as a negative feedback signal to alter nutrient intake in order to
maintain energy homeostasis (Figure 1). Studies have suggested
that diet can directly modulate the composition of gut microbiota
to manipulate host immunity and metabolism. While there is lim-
ited information into the interaction between gut microbial com-
munity and taste GPCR on obesity-associated inflammation, it is
well established that bacteria are capable to interact with selected
taste receptors in the respiratory tract to regulate airway immunity.
Therefore, it is very likely that gut bacteria might play a similar
role in mediating obesity-induced inflammation via taste GPCRs.
Additionally, GLP-1 secretion upon activation of T1Rs and T2Rs
may serve as a protective mechanism to suppress inflammatory
response during the progression of obesity. Simultaneously, GLP-1
and other gut peptides may work in conjunction with leptin to reg-
ulate taste signaling and hence directly influence the appetite and
food intake of the host, either by altering their taste perception or
diminishing the structure of taste cells. It is undoubtedly that more
work is still needed to confirm the regulatory role of taste signaling
in inflammation, particularly under the obese state. Further under-
standing on the involvement of T1Rs and T2Rs in inflammation
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could possibly explain the crosstalk between diet, eating behavior,
and metabolic dysfunction in obesity. Hence, treatment or dietary
interventions targeting the taste receptors could be a useful strat-
egy to prevent the progression of obesity-induced inflammation as
well as the associated health complications.

Funding

This work was supported by funding from USDA-NIFA 2018-07925.

References

Adams, K.F., Leitzmann, M.F.,, Albanes, D., Kipnis, V., Mouw, T., Hollenbeck,
A., and Schatzkin, A. (2007). Body mass and colorectal cancer risk in
the NIH-AARP cohort. Am. J. Epidemiol. 166: 36—45.

Adler, E., Hoon, M.A., Mueller, K.L., Chandrashekar, J., Ryba, N.J., and
Zuker, C.S. (2000). A novel family of mammalian taste receptors. Cell
100: 693-702.

Anbazhagan, A.N., Thaqi, M., Priyamvada, S., Jayawardena, D., Kumar, A.,
Guijral, T., Chatterjee, I., Mugarza, E., Saksena, S., Onyuksel, H., and
Dudeja, P.K. (2017). GLP-1 nanomedicine alleviates gut inflamma-
tion. Nanomedicine 13: 659-665.

Bardou, M., Barkun, A.N., and Martel, M. (2013). Obesity and colorectal
cancer. Gut 62: 933-947.

Behrens, M., Meyerhof, W., Hellfritsch, C., and Hofmann, T. (2011). Sweet
and umami taste: natural products, their chemosensory targets, and
beyond. Angew. Chem. Int. Ed. Engl. 50: 2220-2242.

Backhed, F., Ding, H., Wang, T., Hooper, L.V., Koh, G., Nagy, A., Semenko-
vich, C.F,, and Gordon, J.I. (2004). The gut microbiota as an environ-
mental factor that regulates fat storage. Proc. Natl. Acad. Sci. USA
101: 15718-15723.

Backhed, F., Manchester, J.K., Semenkovich, C.F., and Gordon, J.I. (2007).
Mechanisms underlying the resistance to diet-induced obesity in
germ-free mice. Proc. Natl. Acad. Sci. USA 104: 979-984.

Camandola, S., and Mattson, M.P. (2017). Toll-like receptor 4 mediates fat,
sugar, and umami taste preference and food intake and body weight
regulation. Obesity (Silver Spring) 25: 1237-1245.

Cancello, R., Micheletto, G., Meta, D., Lavagno, R., Bevilacqua, E., Panizzo,
V., and Invitti, C. (2020). Expanding the role of bitter taste receptor
in extra oral tissues: TAS2R38 is expressed in human adipocytes. Adi-
pocyte 9: 7-15.

Cani, P.D., Amar, J., Iglesias, M.A., Poggi, M., Knauf, C., Bastelica, D., Ney-
rinck, A.M., Fava, F., Tuohy, K.M., Chabo, C., Waget, A., Delmée, E.,
Cousin, B., Sulpice, T., Chamontin, B., Ferriéres, J., Tanti, J.F., Gib-
son, G.R., Casteilla, L., Delzenne, N.M., Alessi, M.C., and Burcelin, R.
(2007). Metabolic endotoxemia initiates obesity and insulin resist-
ance. Diabetes 56: 1761-1772.

Cani, P.D., Bibiloni, R., Knauf, C., Waget, A., Neyrinck, A.M., Delzenne, N.M.,
and Burcelin, R. (2008). Changes in gut microbiota control metabolic
endotoxemia-induced inflammation in high-fat diet-induced obesity
and diabetes in mice. Diabetes 57: 1470-1481.

Cani, P.D., and Jordan, B.F. (2018). Gut microbiota-mediated inflammation
in obesity: a link with gastrointestinal cancer. Nat. Rev. Gastroenterol.
Hepatol. 15: 671-682.

Carey, R.M., and Lee, R.J. (2019). Taste Receptors in Upper Airway Innate
Immunity. Nutrients 11(9): 2017.

Carey, R.M., Workman, A.D., Yan, C.H., Chen, B., Adappa, N.D., Palmer,
J.N., Kennedy, D.W., Lee, R.J., and Cohen, N.A. (2017). Sinonasal T2R-
mediated nitric oxide production in response to Bacillus Cereus. Am.
J. Rhinol. Allergy 31: 211-215.

Choi, J.H. (2019). Variation in the TAS2R38 Bitterness receptor gene was
associated with food consumption and obesity risk in Koreans. Nu-
trients 11(9): 1973.

Christiansen, C.B., Gabe, M.B.N., Svendsen, B., Dragsted, L.O., Rosenkilde,
M.M., and Holst, J.J. (2018). The impact of short-chain fatty acids on
GLP-1 and PYY secretion from the isolated perfused rat colon. Am. J.
Physiol. Gastrointest. Liver. Physiol. 315: G53—-G65.

Clemente-Postigo, M., Oliva-Olivera, W., Coin-Aragiiez, L., Ramos-Molina,
B., Giraldez-Perez, R.M., Lhamyani, S., Alcaide-Torres, J., Perez-Mar-
tinez, P., El Bekay, R., Cardona, F., and Tinahones, F.J. (2019). Meta-
bolic endotoxemia promotes adipose dysfunction and inflammation
in human obesity. Am. J. Physiol. Endocrinol. Metab. 316: E319-E332.

Cohn, Z.J., Kim, A., Huang, L., Brand, J., and Wang, H. (2010). Lipopolysac-
charide-induced inflammation attenuates taste progenitor cell prolif-
eration and shortens the life span of taste bud cells. BMC Neurosci.
11:72.

Cui, Y., Wu, H,, Li, Q,, Liao, J., Gao, P, Sun, F,, Zhang, H., Lu, Z., Wei, X., He,
C., Ma, T.,, Chen, X., Zheng, H., Yang, G., Liu, D., and Zhu, Z. (2019).
Impairment of Bitter Taste Sensor Transient Receptor Potential Chan-
nel M5-Mediated Aversion Aggravates High-Salt Intake and Hyper-
tension. Hypertension 74: 1021-1032.

Dandona, P, Aljada, A., Chaudhuri, A., and Bandyopadhyay, A. (2003). The
potential influence of inflammation and insulin resistance on the
pathogenesis and treatment of atherosclerosis-related complica-
tions in type 2 diabetes. J. Clin. Endocrinol. Metab. 88: 2422-2429.

De Jonghe, B.C., Hajnal, A., and Covasa, M. (2005). Increased oral and de-
creased intestinal sensitivity to sucrose in obese, prediabetic CCK-A
receptor-deficient OLETF rats. Am. J. Physiol. Regul. Integr. Comp.
Physiol. 288: R292-300.

Depoortere, I. (2014). Taste receptors of the gut: emerging roles in health
and disease. Gut 63: 179-190.

Deshaware, S., and Singhal, R. (2017). Genetic variation in bitter taste re-
ceptor gene TAS2R38, PROP taster status and their association with
body mass index and food preferences in Indian population. Gene
627:363-368.

Dotson, C.D., Zhang, L., Xu, H., Shin, Y.K., Vigues, S., Ott, S.H., Elson, A.E.,
Choi, H.J., Shaw, H., Egan, J.M., Mitchell, B.D., Li, X., Steinle, N.1., and
Munger, S.D. (2008). Bitter taste receptors influence glucose homeo-
stasis. PLoS One 3: e3974.

Douglas, J.E., and Cohen, N.A. (2017). Taste Receptors Mediate Sinonasal
Immunity and Respiratory Disease. Int. J. Mol. Sci. 18: 437.

Ejarque, M., Guerrero-Pérez, F., de la Morena, N., Casajoana, A., Virgili, N.,
Lépez-Urdiales, R., Maymé-Masip, E., Pujol Gebelli, J., Garcia Ruiz de
Gordejuela, A., Perez-Maraver, M., Pellitero, S., Fernandez-Veledo, S.,
Vendrell, J., and Vilarrasa, N. (2019). Role of adipose tissue GLP-1R
expression in metabolic improvement after bariatric surgery in pa-
tients with type 2 diabetes. Sci. Rep. 9: 6274.

Feng, P., Chai, J., Yi, H., Redding, K., Margolskee, R.F., Huang, L., and Wang,
H. (2018). Aggravated gut inflammation in mice lacking the taste
signaling protein a-gustducin. Brain Behav. Immun. 71: 23-27.

Feng, P., Chai, J., Zhou, M., Simon, N., Huang, L., and Wang, H. (2014).
Interleukin-10 is produced by a specific subset of taste receptor cells
and critical for maintaining structural integrity of mouse taste buds.
J. Neurosci. 34: 2689-2701.

Feng, P., Jyotaki, M., Kim, A., Chai, J., Simon, N., Zhou, M., Bachmanoy,
A.A., Huang, L., and Wang, H. (2015). Regulation of bitter taste re-
sponses by tumor necrosis factor. Brain. Behav. Immun. 49: 32-42.

Feng, P, Zhao, H., Chai, J., Huang, L., and Wang, H. (2012). Expression and
secretion of TNF-a in mouse taste buds: a novel function of a specific
subset of type Il taste cells. PLoS One 7: e43140.

Feng, S., Achoute, L., Margolskee, R.F., Jiang, P., and Wang, H. (2020).
Lipopolysaccharide-Induced Inflammatory Cytokine Expression in
Taste Organoids. Chem. Senses 45: 187-194.

Feng, X.H., Liu, X.M., Zhou, L.H., Wang, J., and Liu, G.D. (2008). Expression
of glucagon-like peptide-1 in the taste buds of rat circumvallate papil-
lae. Acta Histochem. 110: 151-154.

Feng, Y., Wang, Y., Wang, P., Huang, Y., and Wang, F. (2018). Short-Chain
Fatty Acids Manifest Stimulative and Protective Effects on Intestinal
Barrier Function Through the Inhibition of NLRP3 Inflammasome and
Autophagy. Cell Physiol. Biochem. 49: 190-205.

Fischer, A., Gilad, Y., Man, O., and Paabo, S. (2005). Evolution of bitter taste
receptors in humans and apes. Mol. Biol. Evol. 22: 432-436.

Gagniere, J., Raisch, J., Veziant, J., Barnich, N., Bonnet, R., Buc, E., Bringer,
M.A., Pezet, D., and Bonnet, M. (2016). Gut microbiota imbalance
and colorectal cancer. World J. Gastroenterol. 22: 501-518.

Gaida, M.M., Mayer, C., Dapunt, U., Stegmaier, S., Schirmacher, P., Wab-
nitz, G.H., and Hansch, G.M. (2016). Expression of the bitter receptor
T2R38 in pancreatic cancer: localization in lipid droplets and activa-

Journal of Food Bioactives | www.isnff-jfb.com 7



Role of taste receptors on obesity induced inflammation

Koh et al.

tion by a bacteria-derived quorum-sensing molecule. Oncotarget 7:
12623-12632.

Gallo, S., Grossi, S., Montrasio, G., Binelli, G., Cinquetti, R., Simmen, D.,
Castelnuovo, P., and Campomenosi, P. (2016). TAS2R38 taste recep-
tor gene and chronic rhinosinusitis: new data from an Italian popula-
tion. BMC Med. Genet. 17: 54.

Gilca, M., and Dragos, D. (2017). Extraoral Taste Receptor Discovery: New
Light on Ayurvedic Pharmacology. Evid. Based Complement. Alter-
nat. Med. 2017: 5435831.

Godinot, N., Yasumatsu, K., Barcos, M.E., Pineau, N., Ledda, M., Viton,
F., Ninomiya, Y., le Coutre, J., and Damak, S. (2013). Activation of
tongue-expressed GPR40 and GPR120 by non caloric agonists is not
sufficient to drive preference in mice. Neuroscience 250: 20-30.

Grassin-Delyle, S., Salvator, H., Mantov, N., Abrial, C., Brollo, M., Faisy, C.,
Naline, E., Couderc, L.J., and Devillier, P. (2019). Bitter Taste Recep-
tors (TAS2Rs) in Human Lung Macrophages: Receptor Expression and
Inhibitory Effects of TAS2R Agonists. Front. Physiol. 10: 1267.

Gu, F, Liu, X., Liang, J., Chen, J.,, Chen, F., and Li, F. (2015). Bitter taste
receptor mTas2r105 is expressed in small intestinal villus and crypts.
Biochem. Biophys. Res. Commun. 463: 934-941.

Hajnal, A., Covasa, M., and Bello, N.T. (2005). Altered taste sensitivity in
obese, prediabetic OLETF rats lacking CCK-1 receptors. Am. J. Physiol.
Regul. Integr. Comp. Physiol. 289: R1675-1686.

Hajnal, A., Kovacs, P., Ahmed, T., Meirelles, K., Lynch, C.J., and Cooney,
R.N. (2010). Gastric bypass surgery alters behavioral and neural taste
functions for sweet taste in obese rats. Am. J. Physiol. Gastrointest
Liver Physiol. 299: G967-979.

Hogan, A.E., Gaoatswe, G., Lynch, L., Corrigan, M.A., Woods, C., O’Connell,
J., and O’Shea, D. (2014). Glucagon-like peptide 1 analogue therapy
directly modulates innate immune-mediated inflammation in indi-
viduals with type 2 diabetes mellitus. Diabetologia 57: 781-784.

Hu, E.D., Chen, D.Z., Wu, J.L., Lu, F.B., Chen, L., Zheng, M.H., Li, H., Huang,
Y., Li, J., Jin, X\Y., Gong, YW, Lin, Z., Wang, X.D., Xu, L.M., and Chen,
Y.P. (2018). High fiber dietary and sodium butyrate attenuate experi-
mental autoimmune hepatitis through regulation of immune regula-
tory cells and intestinal barrier. Cell Immunol. 328: 24-32.

Jang, H.J., Kokrashvili, Z., Theodorakis, M.J., Carlson, O.D., Kim, B.J., Zhou,
J., Kim, H.H., Xu, X., Chan, S.L., Juhaszova, M., Bernier, M., Mosinger,
B., Margolskee, R.F., and Egan, J.M. (2007). Gut-expressed gustducin
and taste receptors regulate secretion of glucagon-like peptide-1.
Proc. Natl. Acad. Sci USA 104: 15069-15074.

Jangid, A., Fukuda, S., Seki, M., Horiuchi, T., Suzuki, Y., Taylor, T.D., Ohno,
H., and Prakash, T. (2020). Association of colitis with gut-microbiota
dysbiosis in clathrin adapter AP-1B knockout mice. PLoS One 15:
e0228358.

Janssen, S., Laermans, J., Verhulst, P.J., Thijs, T., Tack, J., and Depoortere, I.
(2011). Bitter taste receptors and a-gustducin regulate the secretion
of ghrelin with functional effects on food intake and gastric empty-
ing. Proc. Natl. Acad. Sci. USA 108: 2094—-2099.

Ji, X., Zhou, F,, Zhang, Y., Deng, R., Xu, W., Bai, M., Liu, Y., Shao, L., Wang, X.,
and Zhou, L. (2019). Butyrate stimulates hepatic gluconeogenesis in
mouse primary hepatocytes. Exp. Ther. Med. 17: 1677-1687.

Julius, D., and Nathans, J. (2012). Signaling by sensory receptors. Cold
Spring Harb. Perspect Biol. 4: a005991.

Jung, E., Kim, J., Kim, S.H., Kim, S., and Cho, M.H. (2015). Gemigliptin im-
proves renal function and attenuates podocyte injury in mice with
diabetic nephropathy. Eur. J. Pharmacol. 761: 116-124.

Kaji, I., Karaki, S., and Kuwahara, A. (2014). Short-chain fatty acid receptor
and its contribution to glucagon-like peptide-1 release. Digestion 89:
31-36.

Kan, H., Kataoka-Shirasugi, N., and Amakawa, T. (2008). Transduction path-
ways mediated by second messengers including cAMP in the sugar
receptor cell of the blow fly: study by the whole cell clamp method.
J. Insect Physiol. 54: 1028-1034.

Kaufman, A., Choo, E., Koh, A., and Dando, R. (2018). Inflammation aris-
ing from obesity reduces taste bud abundance and inhibits renewal.
PLoS Biol. 16: €2001959.

Kaufman, A., Kim, J., Noel, C., and Dando, R. (2020). Taste loss with obesity
in mice and men. Int. J. Obes (Lond) 44: 739-743.

Kawai, K., Sugimoto, K., Nakashima, K., Miura, H., and Ninomiya, Y. (2000).
Leptin as a modulator of sweet taste sensitivities in mice. Proc Natl

Acad Sci USA 97: 11044-11049.

Kelly, T., Yang, W., Chen, C.S., Reynolds, K., and He, J. (2008). Global burden
of obesity in 2005 and projections to 2030. Int. J. Obes (Lond) 32:
1431-1437.

Kim, J.Y., van de Wall, E., Laplante, M., Azzara, A., Trujillo, M.E., Hofmann,
S.M., Schraw, T., Durand, J.L,, Li, H., Li, G., Jelicks, L.A., Mehler, M.F.,
Hui, DY., Deshaies, Y., Shulman, G.l.,, Schwartz, G.J., and Scherer,
PE (2007). Obesity-associated improvements in metabolic profile
through expansion of adipose tissue. J. Clin. Invest. 117: 2621-2637.

Kimura, I., Ozawa, K., Inoue, D., Imamura, T., Kimura, K., Maeda, T., Tera-
sawa, K., Kashihara, D., Hirano, K., Tani, T., Takahashi, T., Miyauchi, S.,
Shioi, G., Inoue, H., and Tsujimoto, G. (2013). The gut microbiota sup-
presses insulin-mediated fat accumulation via the short-chain fatty
acid receptor GPR43. Nat. Commun. 4: 1829.

Kinnamon, S.C. (2012). Taste receptor signalling - from tongues to lungs.
Acta Physiol. (Oxf) 204: 158-168.

Kok, B.P., Galmozzi, A., Littlejohn, N.K., Albert, V., Godio, C., Kim, W., Kim,
S.M.,, Bland, J.S., Grayson, N., Fang, M., Meyerhof, W., Siuzdak, G.,
Srinivasan, S., Behrens, M., and Saez, E. (2018). Intestinal bitter taste
receptor activation alters hormone secretion and imparts metabolic
benefits. Mol. Metab. 16: 76-87.

Kokrashvili, Z., Mosinger, B., and Margolskee, R.F. (2009). T1r3 and alpha-
gustducin in gut regulate secretion of glucagon-like peptide-1. Ann.
NY Acad. Sci. 1170: 91-94.

Kokrashvili, Z., Mosinger, B., and Margolskee, R.F. (2009). Taste signaling
elements expressed in gut enteroendocrine cells regulate nutrient-
responsive secretion of gut hormones. Am. J. Clin. Nutr. 90: 8225—
825S.

Kolb, R., Sutterwala, F.S., and Zhang, W. (2016). Obesity and cancer: in-
flammation bridges the two. Curr. Opin. Pharmacol. 29: 77-89.
Laffitte, A., Neiers, F., and Briand, L. (2014). Functional roles of the sweet
taste receptor in oral and extraoral tissues. Curr. Opin. Clin. Nutr. Me-

tab Care 17: 379-385.

Latorre, R., Huynh, J., Mazzoni, M., Gupta, A., Bonora, E., Clavenzani, P.,
Chang, L., Mayer, E.A., De Giorgio, R., and Sternini, C. (2016). Expres-
sion of the Bitter Taste Receptor, T2R38, in Enteroendocrine Cells of
the Colonic Mucosa of Overweight/Obese vs. Lean Subjects. PLoS
One 11: e0147468.

Lee, R.J., and Cohen, N.A. (2015). Role of the bitter taste receptor T2R38
in upper respiratory infection and chronic rhinosinusitis. Curr. Opin.
Allergy Clin. Immunol. 15: 14-20.

Lin, HY., Weng, S.W.,, Shen, F.C., Chang, Y.H., Lian, W.S., Hsieh, C.H., Chuang,
J.H., Lin, T.K,, Liou, C.W., Chang, C.S., Lin, CY., Su, Y.J., and Wang, PW.
(2020). Abrogation of Toll-Like Receptor 4 Mitigates Obesity-Induced
Oxidative Stress, Proinflammation, and Insulin Resistance Through
Metabolic Reprogramming of Mitochondria in Adipose Tissue. Anti-
oxid. Redox. Signal 33: 66—86.

Liu, F.,, and Kong, Y. (2020). GLP-1 receptor agonist on cardiovascular com-
plications of diabetes mellitus. Exp. Ther. Med. 19: 2259-2265.

Lo Presti, A., Zorzi, F., Del Chierico, F., Altomare, A., Cocca, S., Avola, A., De
Biasio, F., Russo, A., Cella, E., Reddel, S., Calabrese, E., Biancone, L.,
Monteleone, G., Cicala, M., Angeletti, S., Ciccozzi, M., Putignani, L.,
and Guarino, M.P.L. (2019). Fecal and Mucosal Microbiota Profiling
in Irritable Bowel Syndrome and Inflammatory Bowel Disease. Front.
Microbiol. 10: 1655.

Mace, 0.J., Affleck, J., Patel, N., and Kellett, G.L. (2007). Sweet taste recep-
tors in rat small intestine stimulate glucose absorption through apical
GLUT2. J. Physiol. 582: 379-392.

Margolskee, R.F. (2002). Molecular mechanisms of bitter and sweet taste
transduction. J. Biol. Chem. 277: 1-4.

Margolskee, R.F., Dyer, J., Kokrashvili, Z., Salmon, K.S., llegems, E., Daly,
K., Maillet, E.L., Ninomiya, Y., Mosinger, B., and Shirazi-Beechey, SP
(2007). T1R3 and gustducin in gut sense sugars to regulate expres-
sion of Na+-glucose cotransporter 1. Proc. Natl. Acad. Sci USA 104:
15075-15080.

Martin, B., Dotson, C.D., Shin, Y.K., Ji, S., Drucker, D.J., Maudsley, S., and
Munger, S.D. (2009). Modulation of taste sensitivity by GLP-1 signal-
ing in taste buds. Ann. NY Acad. Sci. 1170: 98-101.

Maurer, S., Wabnitz, G.H., Kahle, N.A., Stegmaier, S., Prior, B., Giese, T,,
Gaida, M.M., Samstag, Y., and Hansch, G.M. (2015). Tasting Pseu-
domonas aeruginosa Biofilms: Human Neutrophils Express the Bitter

8 Journal of Food Bioactives | www.isnff-jfb.com



Koh et al.

Role of taste receptors on obesity induced inflammation

Receptor T2R38 as Sensor for the Quorum Sensing Molecule N-(3-
Oxododecanoyl)-I-Homoserine Lactone. Front. Immunol. 6: 369.
Meyerhof, W. (2005). Elucidation of mammalian bitter taste. Rev. Physiol.

Biochem. Pharmacol. 154: 37-72.

Mizuta, E., Kokubo, Y., Yamanaka, I., Miyamoto, Y., Okayama, A., Yoshima-
sa, Y., Tomoike, H., Morisaki, H., and Morisaki, T. (2008). Leptin gene
and leptin receptor gene polymorphisms are associated with sweet
preference and obesity. Hypertens Res. 31: 1069-1077.

Mortensen, K., Petersen, L.L., and @rskov, C. (2000). Colocalization of GLP-
1 and GIP in human and porcine intestine. Ann. NY Acad. Sci. 921:
469-472.

Muscogiuri, G., DeFronzo, R.A., Gastaldelli, A., and Holst, J.J. (2017).
Glucagon-like Peptide-1 and the Central/Peripheral Nervous System:
Crosstalk in Diabetes. Trends Endocrinol. Metab. 28: 88-103.

Nauck, M.A., Meier, J.J., Cavender, M.A., Abd, E.I., Aziz, M., and Druck-
er, D.J. (2017). Cardiovascular Actions and Clinical Outcomes With
Glucagon-Like Peptide-1 Receptor Agonists and Dipeptidyl Pepti-
dase-4 Inhibitors. Circulation 136: 849-870.

Nelson, G., Hoon, M.A., Chandrashekar, J., Zhang, Y., Ryba, N.J., and Zuker,
C.S. (2001). Mammalian sweet taste receptors. Cell 106: 381-390.

Netto Candido, T.L., Bressan, J., and Alfenas, R.C.G. (2018). Dysbiosis and
metabolic endotoxemia induced by high-fat diet. Nutr. Hosp. 35:
1432-1440.

Niki, M., Jyotaki, M., Yoshida, R., Yasumatsu, K., Shigemura, N., DiPatrizio,
N.V., Piomelli, D., and Ninomiya, Y. (2015). Modulation of sweet taste
sensitivities by endogenous leptin and endocannabinoids in mice. J.
Physiol. 593: 2527-2545.

Orskov, C. (1992). Glucagon-like peptide-1, a new hormone of the entero-
insular axis. Diabetologia 35: 701-711.

Pan, P., Oshima, K., Huang, Y.W., Agle, K.A., Drobyski, W.R., Chen, X., Zhang,
J., Yearsley, M.M., Yu, J., and Wang, L.S. (2018). Loss of FFAR2 pro-
motes colon cancer by epigenetic dysregulation of inflammation sup-
pressors. Int. J. Cancer 143: 886—896.

Park, S.Y., Kim, J.S., Seo, Y.R., and Sung, M.K. (2012). Effects of diet-induced
obesity on colitis-associated colon tumor formation in A/J mice. Int.
J. Obes (Lond) 36: 273-280.

Patel, N.N., Workman, A.D., and Cohen, N.A. (2018). Role of Taste Recep-
tors as Sentinels of Innate Immunity in the Upper Airway. J. Pathog.
2018:9541987.

Prevention CfDCa. (2020). Adult Obesity Facts https://www.cdc.gov/obe-
sity/data/adult.html. [3/20, 2020].

Psichas, A., Sleeth, M.L., Murphy, K.G., Brooks, L., Bewick, G.A., Hanyalo-
glu, A.C., Ghatei, M.A., Bloom, S.R., and Frost, G. (2015). The short
chain fatty acid propionate stimulates GLP-1 and PYY secretion via
free fatty acid receptor 2 in rodents. Int. J. Obes (Lond) 39: 424-429.

Saltiel, A.R., and Olefsky, J.M. (2017). Inflammatory mechanisms linking
obesity and metabolic disease. J. Clin. Invest. 127: 1-4.

Kinnamon, S.C. (2016). G Protein-Coupled Taste Transduction. In: Zufall,
F., and Munger, S.D. (Ed.). Chemosensory Transduction. Academic
Press, pp. 271-285.

Scruggs, D.M., Buffington, C., and Cowan, G.S. (1994). Taste Acuity of the
Morbidly Obese before and after Gastric Bypass Surgery. Obes. Surg.
4:24-28.

Sharma, P, Vi, R., Nayak, A.P.,, Wang, N., Tang, F., Knight, M.J., Pan, S., Oli-
ver, B., and Deshpande, D.A. (2017). Bitter Taste Receptor Agonists
Mitigate Features of Allergic Asthma in Mice. Sci. Rep. 7: 46166.

Shi, H., Kokoeva, M.V., Inouye, K., Tzameli, I., Yin, H., and Flier, J.S. (2006).
TLR4 links innate immunity and fatty acid-induced insulin resistance.
J. Clin. Invest. 116: 3015-3025.

Shi, S., Srivastava, S.P., Kanasaki, M., He, J., Kitada, M., Nagai, T., Nitta, K.,
Takagi, S., Kanasaki, K., and Koya, D. (2015). Interactions of DPP-4
and integrin B1 influences endothelial-to-mesenchymal transition.
Kidney Int. 88: 479-489.

Shin, Y.K., Martin, B., Golden, E., Dotson, C.D., Maudsley, S., Kim, W.,
Jang, H.J., Mattson, M.P., Drucker, D.J., Egan, J.M., and Munger, S.D.
(2008). Modulation of taste sensitivity by GLP-1 signaling. J. Neuro-
chem. 106: 455-463.

Simon, B.R., Learman, B.S., Parlee, S.D., Scheller, E.L., Mori, H., Cawthorn,
W.P,, Ning, X., Krishnan, V., Ma, Y.L., Tyrberg, B., and MacDougald,
0.A. (2014). Sweet taste receptor deficient mice have decreased adi-
posity and increased bone mass. PLoS One 9: e86454.

Sina, C., Gavrilova, O., Forster, M., Till, A., Derer, S., Hildebrand, F., Raabe,
B., Chalaris, A., Scheller, J., Rehmann, A., Franke, A., Ott, S., Hasler, R.,
Nikolaus, S., Folsch, U.R., Rose-John, S., Jiang, H.P., Li, J., Schreiber, S.,
and Rosenstiel, P. (2009). G protein-coupled receptor 43 is essential
for neutrophil recruitment during intestinal inflammation. J. Immu-
nol. 183: 7514-7522.

Singh, N., Shaik, F.A., Myal, Y., and Chelikani, P. (2020). Chemosensory bit-
ter taste receptors T2R4 and T2R14 activation attenuates prolifera-
tion and migration of breast cancer cells. Mol. Cell. Biochem. 465:
199-214.

Smith, K.R., Hussain, T., Karimian Azari, E., Steiner, J.L., Ayala, J.E., Pratley,
R.E., and Kyriazis, G.A. (2016). Disruption of the sugar-sensing recep-
tor T1R2 attenuates metabolic derangements associated with diet-
induced obesity. Am. J. Physiol. Endocrinol. Metab. 310: E688—E698.

Smith, P.M., Howitt, M.R., Panikov, N., Michaud, M., Gallini, C.A., Bohlooly-
Y, M., Glickman, J.N., and Garrett, W.S. (2013). The microbial metabo-
lites, short-chain fatty acids, regulate colonic Treg cell homeostasis.
Science 341: 569-573.

Swartz, T.D., Duca, F.A., de Wouters, T., Sakar, Y., and Covasa, M. (2012).
Up-regulation of intestinal type 1 taste receptor 3 and sodium glu-
cose luminal transporter-1 expression and increased sucrose intake
in mice lacking gut microbiota. Br. J. Nutr. 107: 621-630.

Tran, H.TT., Herz, C., Ruf, P, Stetter, R., and Lamy, E. (2018). Human T2R38
Bitter Taste Receptor Expression in Resting and Activated Lympho-
cytes. Front. Immunol. 9: 2949.

Trubey, K.R., Culpepper, S., Maruyama, Y., Kinnamon, S.C., and Chaudhari,
N. (2006). Tastants evoke cAMP signal in taste buds that is independ-
ent of calcium signaling. Am. J. Physiol. Cell Physiol. 291: C237-244.

Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, V., Mardis, E.R., and
Gordonm, J.I. (2006). An obesity-associated gut microbiome with in-
creased capacity for energy harvest. Nature 444: 1027-1031.

Umabiki, M., Tsuzaki, K., Kotani, K., Nagai, N., Sano, Y., Matsuoka, Y., Kitao-
ka, K., Okami, Y., Sakane, N., and Higashi, A. (2010). The improvement
of sweet taste sensitivity with decrease in serum leptin levels during
weight loss in obese females. Tohoku J. Exp. Med. 220: 267-271.

Wang, H., Zhou, M., Brand, J., and Huang, L. (2007). Inflammation acti-
vates the interferon signaling pathways in taste bud cells. J. Neurosci.
27:10703-10713.

Wang, Q., Liszt, K.I., and Depoortere, |. (2020). Extra-oral bitter taste re-
ceptors: New targets against obesity? Peptides 127: 170284.

Wenzel, T.J.G.E., Ranger, A.L., and Klegeris, A. (2020). Short chain fatty ac-
ids (SCFAs) alone or in combination regulate selectimmune functions
of microglia-like cells. Mol. Cell Neurosci. 105: 103493.

Widmayer, P., Kiiper, M., Kramer, M., Kénigsrainer, A., and Breer, H. (2012).
Altered expression of gustatory-signaling elements in gastric tissue of
morbidly obese patients. Int. J. Obes (Lond) 36: 1353-1359.

Wunderlich, C.M., Ackermann, PJ., Ostermann, A.L, Adams-Quack,
P, Vogt, M.C., Tran, M.L., Nikolajev, A., Waisman, A., Garbers, C.,
Theurich, S., Mauer, J., Hovelmeyer, N., and Wunderlich, F.T. (2018).
Obesity exacerbates colitis-associated cancer via IL-6-regulated mac-
rophage polarisation and CCL-20/CCR-6-mediated lymphocyte re-
cruitment. Nat Commun 9: 1646.

Xu, H., Barnes, G.T., Yang, Q., Tan, G., Yang, D., Chou, C.J,, Sole, J., Nichols,
A., Ross, J.S., Tartaglia, L.A., and Chen, H. (2003). Chronic inflamma-
tion in fat plays a crucial role in the development of obesity-related
insulin resistance. J. Clin. Invest. 112: 1821-1830.

Xu, Y.H., Gao, C.L,, Guo, H.L., Zhang, W.Q., Huang, W., Tang, S.S., Gan, W.J.,
Xu, Y., Zhou, H., and Zhu, Q. (2018). Sodium butyrate supplementa-
tion ameliorates diabetic inflammation in db/db mice. J. Endocrinol.
238:231-244.

Yamada, K., Wada, E., Imaki, J., Ohki-Hamazaki, H., and Wada, K. (1999).
Hyperresponsiveness to palatable and aversive taste stimuli in genet-
ically obese (bombesin receptor subtype-3-deficient) mice. Physiol.
Behav. 66: 863-867.

Yoshida, H., Ishii, M., and Akagawa, M. (2019). Propionate suppresses
hepatic gluconeogenesis via GPR43/AMPK signaling pathway. Arch.
Biochem. Biophys. 672: 108057.

Yoshida, R., Noguchi, K., Shigemura, N., Jyotaki, M., Takahashi, I., Margol-
skee, R.F., and Ninomiya, Y. (2015). Leptin Suppresses Mouse Taste
Cell Responses to Sweet Compounds. Diabetes 64: 3751-3762.

Yu, A.P., Ugwu, F.N., Tam, B.T., Lee, P.H., Ma, V., Pang, S., Chow, A.S., Cheng,

Journal of Food Bioactives | www.isnff-jfb.com 9


https://www.cdc.gov/obesity/data/adult.html
https://www.cdc.gov/obesity/data/adult.html

Role of taste receptors on obesity induced inflammation

Koh et al.

K.K., Lai, CW., Wong, C.S., and Siu, P.M. (2020). Obestatin and growth
hormone reveal the interaction of central obesity and other cardio-
metabolic risk factors of metabolic syndrome. Sci. Rep. 10: 5495.

Zhang, X.J., Wang, Y.Q., Long, Y., Wang, L., Li, Y., Gao, F.B., and Tian, H.M.
(2013). Alteration of sweet taste in high-fat diet induced obese rats
after 4 weeks treatment with exenatide. Peptides 47: 115-123.

Zhang, Y., Hoon, M.A., Chandrashekar, J., Mueller, K.L., Cook, B., Wu, D.,
Zuker, C.S., and Ryba, N.J. (2003). Coding of sweet, bitter, and umami
tastes: different receptor cells sharing similar signaling pathways.
Cell 112: 293-301.

Zhao, L., Zhu, C., Lu, M., Chen, C., Nie, X., Abudukerimu, B., Zhang, K.,

Ning, Z., Chen, Y., Cheng, J., Xia, F., Wang, N., Jensen, M.D., and Lu, Y.
(2019). The key role of a glucagon-like peptide-1 receptor agonist in
body fat redistribution. J. Endocrinol 240: 271-286.

Zheng, L., Kelly, C.J., Battista, K.D., Schaefer, R., Lanis, J.M., Alexeey, E.E.,
Wang, R.X., Onyiah, J.C., Kominsky, D.J., and Colgan, S.P. (2017).
Microbial-Derived Butyrate Promotes Epithelial Barrier Function
through IL-10 Receptor-Dependent Repression of Claudin-2. J. Im-
munol. 199: 2976-2984.

Zhu, X., He, L., and McCluskey, L.P. (2014). Ingestion of bacterial lipopoly-
saccharide inhibits peripheral taste responses to sucrose in mice.
Neuroscience 258: 47-61.

10 Journal of Food Bioactives | www.isnff-jfb.com



	﻿﻿﻿Abstract﻿

	﻿﻿﻿﻿1﻿. ﻿Introduction﻿

	﻿﻿﻿﻿2﻿. ﻿Nutrient sensing via G-protein coupled-receptors﻿

	﻿﻿﻿﻿3﻿. ﻿Taste alternation in obesity﻿

	﻿﻿﻿3.1﻿. ﻿Taste modulator in obesity: leptin﻿


	﻿﻿﻿﻿﻿3.2﻿. ﻿Taste modulator in obesity: gut peptides﻿

	﻿﻿﻿﻿4﻿. ﻿Obesity and low-grade inflammation﻿

	﻿﻿﻿﻿5﻿. ﻿Taste signaling and inflammation: implication in obesity﻿

	﻿﻿﻿5.1﻿. ﻿GLP-1: an anti-inflammatory agent﻿

	﻿﻿﻿﻿5.2﻿. ﻿Crosstalk between gut microbiota and taste signaling﻿


	﻿﻿﻿﻿﻿6﻿. ﻿Conclusions﻿

	﻿﻿﻿﻿﻿﻿Funding﻿

	﻿﻿﻿﻿References﻿


