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Sweet taste receptors as a tool for an amplifying pathway
of glucose-stimulated insulin secretion in pancreatic β cells
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Humans can identify several tastes, including sweet,
salty, umami, bitter, and sour. Taste receptor cells in
taste buds of the tongue are responsible for taste pro-
cessing. There are four subtypes of taste receptor cells.
Type I cells are responsible for salty taste. Type II cells
are responsible for sweet, umami, and bitter tastes. Type
III cells are responsible for sour taste. Type IV cells
might be progenitor taste cells [7]. Type II cells express
two classes of G protein-coupled receptors (GPCR): the
taste 1 receptor (T1R) and the taste 2 receptor (T2R)
[3]. Especially, two subtypes of T1R including T1R
member 2 (T1R2) and T1R member 3 (T1R3) have
been identified as sweet taste receptors [17]. Various
sweet compounds, such as glucose, fructose, sucrose,
maltose, D-tryptophan, D-phenylalanine, D-serine,
monellin, brazzein, thaumatin, and artificial sweeteners,
can activate sweet taste receptors (STR) [8]. Activation
of STR stimulates phospholipase C (PLC) β2, leading
to increase of intracellular Ca2+ and activation of tran-
sient receptor potential cation channel M5 (TRPM5).
These stimulate ATP releasing, leading to activation of
sensory afferent neurons [5].

It has been reported that STR is expressed throughout
the body, not only in taste buds, but also in gastroin-
testinal epithelium, pancreatic islet cells, and even neu-
rons [2, 9, 15]. In the gastrointestinal tract, STR is
mainly expressed in enteroendocrine cells [6]. These
enteroendocrine cells affect appetite, gastric emptying,
gastric secretion, pancreatic endocrine secretion, and

modulation of immune responses by secreting various
bioact ive peptides l ike ghrel in, nesfat in-1, 5 --
hydroxytryptamine, cholecystokinin, glucagon-like pep-
tide (GLP)-1, and peptide YY [20]. Glucose in gastro-
intestinal tract leads to the release of these peptides
from enteroendocrine cells [1, 18]. Young et al. [21]
demonstrated that activation of STR in enteroendocrine
cells led to stimulation of GLP-1 secretion, resulting in
upregulation of the Na+-dependent glucose transporter
type 1 (SGLT-1). In addition, transcript levels of STR
were significantly reduced in jejunal glucose-perfused
mice, as well as type 2 diabetic patients. T1R plays a
role in glucose-induced upregulation of SGLT-1 and
glucose transporter type 2 (GLUT2) as well as GLP-1
secretion in gastrointestinal tract [6, 14]. These results
suggest that STR in the gastrointestinal tract might play
important roles in nutrient or glucose sensing which
helps to regulate body energy and immune balance.

STR in the hypothalamus also plays a pivotal role in
nutrient sensing with similar mechanism to that of gas-
trointestinal tract. T1R2 and T1R3-expressed neurons
might be non-proopiomelanocortin (non-POMC), leptin-
responding neurons in appetite center of the hypothala-
mus. And STR in the hypothalamus acts as a nutrient
sensor and serves to regulate energy balance, glucose
homeostasis, and food intake in the brain [10].

As STR, T1R2 and T1R3 are expressed in pancreatic β
cells [15]. Kyriazis et al. [11] demonstrated that T1R2 is re-
sponsible for fructose-induced insulin release, and fructose-
induced activation of T1R2 potentiates glucose-stimulated in-
sulin secretion in human and mouse islets. Also, T1R2 signal-
ing inβ cells is involved in the activation of PLC and TRPM5.
Nakagawa et al. [16] demonstrated that various sweet mole-
cules increase insulin secretion via T1R3, and activation of
T1R3 potentiates glucose-stimulated insulin secretion through
rapid increasing of cytoplasmic Ca2+ and cyclic AMP in
MIN6 cells and mouse islets. Recently, the role of T1R3 in
potentiating glucose-stimulated insulin secretion was further
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demonstrated by measurement of bioelectrical activity in pan-
creatic β cells [19]. Sanchez-Andres et al. [19] demonstrated
that sucralose, a non-caloric artificial sweetener, had no effect
on insulin secretion in the absence of glucose but induced on
occasion electrical activity in mouse β cells exposed to low
non-stimulatory concentrations of the hexose and potentiated,
in a concentration-related manner, the response to stimulatory
concentrations of glucose. These reports suggest that STR in
pancreatic β cells acts as nutrient or glucose sensors and
serves to regulate insulin secretion by possibly sensing post-
prandial nutrients or glucose.

It has been known that sweet compounds including
sugars could potentiate glucose-stimulated insulin secre-
tion. In healthy subjects, an orally administered disaccha-
ride (sucrose) potentiated glucose-stimulated insulin re-
lease as compared with oral glucose ingestion alone [4]
and induced a sustained increase in plasma insulin levels
but not sucralose alone [12]. However, exact mechanism
was unknown. One explanation is that sweet compounds
are natural ligands for STR which expressed on plasma
membrane in pancreatic β cells. Pancreatic STR may al-
losterically sense circulating nutrients and activate a rapid
signaling pathway that potentiates glucose-stimulated in-
sulin secretion (an amplifying pathway). In addition, after
a meal, intestinal STR, as a nutrient or glucose sensor,
stimulates GLP-1 secretion [6, 13, 14], suggesting that a
STR-dependent intestine-pancreatic axis that takes part in
the regulation of postprandial insulin secretion by dietary
sugars. Although endogenous ligands have not been clar-
ified for the pancreatic STR, glucose may be a candidate
as a natural ligand to amplify its own metabolism in β
cells. These receptors are GPCR to increase intracellular
ATP levels when activated in the presence of glucose.
Besides, veiled amplifying signaling pathways for insulin
secretion may exist through this receptor. It is interesting
that heterogeneity of the beta cell response to sucralose in
the presence of subthreshold glucose levels can be partial-
ly erased in the presence of suprathreshold glucose levels.
The authors [19] suggest that this reason may be because
of a heterogeneous STR constitution in β-cells, which
exhibits differential sensitivity to ligands. The authors
[19] further hypothesize that human diabetic patients
who have impaired β-cell glucose sensitivity may possess
abnormal sensitivity of β-cell STR to glucose, similar to
that in enteroendocrine cells.
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