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Glucagon-like peptide 1 receptor plays a critical role
in geniposide-regulated insulin secretion in INS-1

cells
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Aim: To explore the role of the glucagon-like peptide 1 receptor (GLP-1R) in geniposide regulated insulin secretion in rat INS-1

insulinoma cells.

Methods: Rat INS-1 insulinoma cells were cultured. The content of insulin in the culture medium was measured with ELISA assay.
GLP-1R gene in INS-1 cells was knocked down with shRNA interference. The level of GLP-1R protein in INS-1 cells was measured with

Western blotting.

Results: Geniposide (0.01-100 umol/L) increased insulin secretion from INS-1 cells in a concentration-dependent manner. Geniposide
(10 umol/L) enhanced acute insulin secretion in response to both the low (5.5 mmol/L) and moderately high levels (11 mmol/L) of
glucose. Blockade of GLP-1R with the GLP-1R antagonist exendin (9-39) (200 nmol/L) or knock-down of GLP-1R with shRNA interfer-
ence in INS-1 cells decreased the effect of geniposide (10 umol/L) on insulin secretion stimulated by glucose (5.5 mmol/L).
Conclusion: Geniposide increases insulin secretion through glucagon-like peptide 1 receptors in rat INS-1 insulinoma cells.
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Introduction

Type 2 diabetes mellitus involves defects in both insulin secre-
tion and insulin sensitivity. Multiple insulin secretion defects
could occur, including the absence of pulsatility™, loss of the
early phase of insulin secretion after glucose stimulation”,
decreased basal and stimulated concentrations of insulin in the
plasma”, excess secretion of pro-hormone, and progressive
decreases in insulin secretory capacity!’. Thus, the regulation
of insulin secretion in pancreatic {3 cells has long been consid-
ered important for the prevention and treatment of type 2 dia-
betes mellitus'*.

Emerging data have shown that GLP-1 functions through
its receptor to regulate insulin secretion and glucose metabo-
lism and is, therefore, a potentially important target in the
treatment of type 2 diabetes. GLP-1 is able to improve insu-
lin secretion in subjects with impaired glucose tolerance and
type 2 diabetes”. Studies have demonstrated that increased
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expression or activity of GLP-1R is beneficial to p cell func-
tions, including insulin synthesis/ secretion!, proliferationm,
neogenesis”), and anti-apoptosis™. Unfortunately, GLP-1 has a
half-life of less than 2 minutes in the circulatory system owing
to rapid degradation by dipeptidyl peptidase-4 (DPP TV)¥L.
Utilizing a high-throughput screening assay, we previ-
ously identified geniposide as a potent agonist of GLP-1R and
possessed neurotrophic and neuroprotective properties!’'%.
However, it is unknown whether geniposide is able to
improve insulin secretion in pancreatic p cells. In the present
study we examined the effect of geniposide on insulin secre-
tion in INS-1 cells. The results demonstrate that geniposide
increased insulin secretion in a dose-dependent manner and
enhanced glucose-stimulated insulin secretion in INS-1 cells.
We have further observed that exendin (9-39), an antagonist
of GLP-1R, and GLP-1R siRNA decreased the effect of genipo-

side on glucose-stimulated insulin secretion in INS-1 cells.

Materials and methods

Cell culture

An INS-1 rat insulinoma cell line was purchased from the
CCTCC (China Center for Type Culture Collection). The cells
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were grown in a humidified atmosphere with 5% CO,at 37°C.
The culture medium was RPMI-1640 containing 11 mmol/L
glucose, which was supplemented with 10% FBS, 10 mmol/L
HEPES, 100 U/mL penicillin, 100 pg/mL streptomycin, 2
mmol/L L-glutamine, 1 mmol/L sodium pyruvate, and 50
pmol/L mercaptoethanol. Cells were passaged every week
following trypsinization.

Geniposide induces insulin secretion in a concentration-depend-
ent manner

To investigate the effect of geniposide on insulin secretion,
INS-1 cells were seeded onto 12-well plates and cultured for
24 h. The cells were washed twice with Krebs-Ringer bicar-
bonate buffer (KRBH; 129 mmol/L NaCl, 4.8 mmol/L KCIl, 1.2
mmol/L MgSO,, 1.2 mmol/L KH,PO,, 2.5 mmol/L CaCl,, 5
mmol/L NaHCO;, 0.1% BSA, 10 mmol/L HEPES; pH 7.4) and
starved for 2 h in KRBH buffer. Then, the cells were incubated
with fresh KRBH containing different concentrations of geni-
poside (0, 0.01, 0.1, 1.0, 10, or 100 pmol/L) for 1 h. The super-
natants were collected to determine the insulin content using
commercial kit (Linco Research, Inc, Missouri, USA) according
to the kit” instructions.

Effect of geniposide on insulin secretion stimulated by glucose
To explore the influence of geniposide on glucose-stimulated
insulin secretion, INS-1 cells were seeded onto 12-well plates
and cultured for 24 h. After the cells were washed two times
with fresh KRBH and starved for 2 h in fresh KRBH, the cells
were incubated with 10 pmol/L geniposide in the absence or
presence of indicated concentrations of glucose for 1 h. The
supernatants were collected and analyzed for insulin concen-
tration using commercial kit (Linco Research, Inc, Missouri,
USA) according to the kit” instructions.

The role of GLP-1R in geniposide-inducing insulin secretion

To probe the role of GLP-1R, we investigated the effect of an
antagonist for GLP-1R on insulin secretion in the presence
of a low concentration of glucose. INS-1 cells were starved
for 2 h in fresh KRBH, placed for 1 h in fresh KRBH contain-
ing 200 nmol/L exendin (9-39), and then treated for 1 h with
5.5 mmol/L glucose in the presence or absence of 10 umol/L
geniposide. The supernatants were collected to probe the
insulin concentration using commercial kits.

To further explore the role of GLP-1R in the regulatory
effects of geniposide on insulin secretion, we constructed a
stable INS-1 cell line with the GLP-1R silenced by a shGLP-1R
plasmid, which was optimized in our previous work™.. The
level of GLP-1R expression was analyzed with Western
blot and real-time PCR. The primers were 5-TATTGGCT-
CATCATACGCTTG-3" (GLP-1R sense), 5-GTCTGCATTTG
ATGTCGGTCT-3" (GLP-1R antisense), 5'-AAGTTCAACG-
GCACAGTCAAG-3" (GAPDH sense) and 5'-CCAGTA-
GACTCCACGACATACTCA-3" (GAPDH antisense). The
mRNA and protein levels of GLP-1R are about 35.4% and 21%
those of the control, respectively. Using the same protocol
as introduced in Materials and Methods, we determined the
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insulin secretion induced by geniposide in INS-1 cells in which
GLP-1R had been knocked down.

Statistical analysis

Data are expressed as the means+SD from at least three inde-
pendent experiments. When significance was detected, the
differences between the treatments were analyzed using a
one-way ANOVA with the Origin 8.0 Pair-Sample t-Test. The
significance level was set at P<0.05.

Results

Geniposide regulates insulin secretion in INS-1 cells

As shown in Figure 1, geniposide elicited concentration-
dependent increases in insulin secretion in P cells. Similar to
GLP-1, geniposide also increased acute insulin secretion in
response to both low and moderately high glucose levels (Fig-
ure 2).

Insulin (ng:-mL*h?)

0 0.01 0.1 1 10
Geniposide (umol/L)
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Figure 1. Geniposide induces insulin secretion in a concentration-
dependent manner in INS-1 cells. The INS-1 cells at passages of 68-73
were seeded at 5x10° cells/well in 12-well-plates. The next day, the
cells were washed twice with KRBH buffer and starved in KRBH buffer
for 2 h. The media was changed with fresh KRBH containing different
concentrations of geniposide (0, 0.01, 0.1, 1.0, 10, or 100 pymol/L).
Following 1-h incubation, the medium was collected and analyzed
for insulin concentration. Data are expressed as means+SD from 4
independent experiments. °P<0.01 vs control by one-way ANOVA followed
by the Pair-Sample t-Test using Origin 8.0 software.

In normoglycemic subjects, glucose-stimulated insulin secre-
tion is characterized by a biphasic pattern, with the peak of the
first phase rising abruptly 3-5 min after glucose stimulation
and lasting for about 10 min'*. To determine whether genipo-
side induces changes in both phases of insulin secretion, we
tested the influence of geniposide on biphasic insulin secretion
in INS-1 cells in the absence or presence of low glucose levels.
It was observed that geniposide enhanced insulin secretion in
both phases when glucose was present (Figure 3).

GLP-1R plays an important role in geniposide-induced insulin
secretion in INS-1 cells.

Our previous work showed that geniposide was an agonist
of GLP-1R™™. To investigate the role of GLP-IR in glucose-
stimulated insulin secretion, we determined the effect of
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Figure 2. Geniposide potentiates glucose-stimulated insulin secretion
in INS-1 cells. INS-1 cells were seeded in 12-well-plates and continued
to incubate for 24 h; the cells were washed twice with fresh KRBH and
starved in KRBH buffer for 2 h. The media was changed with fresh KRBH
containing different concentrations of glucose (0, 5.5, or 11 mmol/L)
with or without 10 umol/L geniposide or GLP-1 (330 nmol/L). Following
1-h incubation, the medium was collected and analyzed for insulin
concentration. Data are expressed as meanszSD from 6 independent
experiments. °P<0.05, °P<0.01 vs control at the same glucose
concentration by one-way ANOVA followed by the Pair-Sample t-Test using
Origin 8.0 software.
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Figure 3. Effects of geniposide on the biphasic glucose-stimulated
insulin secretion in INS-1 cells. INS-1 cells were treated with 10 ymol/L
geniposide in the presence or absence of 5.5 mmol/L glucose (G5.5) for
20 min. The media were collected in a 30-s intermediate to determine
the insulin secretion with ELISA. Data are expressed as mean of two
independent experiments.

geniposide on insulin secretion in the presence or absence of
a GLP-1R antagonist, exendin (9-39) amide. The data dem-
onstrate that pretreatment with 200 nmol/L exendin (9-39)
for 1 h prevented the geniposide-induced increase in insulin
secretion in INS-1 cells (Figure 4A).

We also checked the effect of GLP-1R interference on
geniposide-induced insulin secretion in INS-1 cells. The
results showed that, in INS-1 cells in which GLP-1R had been
knocked down, the level of insulin secretion induced by 5.5
mmol/L glucose did not differ from that of the control cells.
These results suggest that glucose-stimulated insulin secretion
is not dependent upon GLP-1R. However, in contrast to nor-
mal cultured INS-1 cells, geniposide failed to enhance glucose
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Figure 4. GLP-1R plays a critical role in geniposide-induced insulin
secretion in INS-1 cells. (A) After the attached INS-1 cells were washed
twice and starved for 2 h, the media was changed with KRBH buffer
containing 5.5 mmol/L glucose, and INS-1 cells were treated with
geniposide (10 pmol/L) or GLP-1 (330 nmol/L) in the presence or
absence of GLP-1 receptor antagonist, exendin (9-39) (Ex, 200 nmol/L)
for 1 h. (B) GLP-1R-interferred INS-1 cells and control cells were treated
with 5.5 mmol/L glucose for 1 h in the presence or absence of 10
umol/L geniposide, respectively. The media were collected to determine
the level of insulin secretion. Data are expressed as means+SD from 6
independent experiments. °P<0.01 vs control. °P<0.05 vs geniposide
group; "P<0.05 vs GLP-1 group by one-way ANOVA followed by the Pair-
Sample t-Test using Origin 8.0 software.

stimulated insulin secretion in GLP-1R- knockdown INS-1
cells (Figure 4B). Taken together with the effect of exendin
(9-39) on geniposide regulation of glucose-stimulated insulin
secretion, these results indicate that GLP-1R plays an impor-
tant role in geniposide regulation of insulin secretion in INS-1
cells.

Discussion
Type 2 diabetes mellitus is a metabolic disorder that manifests
mainly as abnormalities in pancreatic insulin secretion and the
peripheral actions of insulin. During the progression of diabe-
tes, the mass of P cells is reduced, with a concomitant decrease
in the amount of insulin secreted. An effective therapeutic
option is to use drugs to boost the production and release of
insulin by pancreatic islets. For example, sulfonylurea-based
drugs that act on the P-cell secretory apparatus augment the
release of insulin, overcoming peripheral insulin resistance
and restoring normoglycemia in type 2 diabetic patients.
Nonetheless, treatment with sulfonylureas is associated with
side-effects, such as non-optimal normoglycemic control,
which triggers protracted hypoglycemic episodes, worsens
myocardial function, and potentially causes weight gain> ',
Alternatively, natural hypoglycemic compounds may offer
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advantages over the drugs currently used for diabetes. For
example, plant-derived iridoids, of which many are dietary
constituents, may serve as promising candidates for the devel-
opment of therapeutics to prevent or treat diabetes. Jin et al
reported that aucubin lowers blood glucose and protects the
pancreas from oxidative stress in streptozotocin-induced dia-
betes. Thus, aucubin might have potential as a safe preventive
agent against diabetes””. In the present study, we examined
the effect of geniposide, one of the main iridoid glucoside of
Gardenia fruit, on insulin secretion and GLP-1R. We found,
for the first time, that geniposide induces insulin secretion in
f-cells in a dose-dependent manner and that geniposide has a
synergistic effect on insulin secretion in INS-1 cells in the pres-
ence of low and moderately high doses of glucose. We also
observed that geniposide directly induced insulin secretion in
INS-1 cells in the absence of glucose. These results may be a
consequence of the activation of GLP-1R by geniposide, which
regulates the concentration of Ca” through a signal pathway,
or changes in the energy balance of INS-1 cells, which alters
the ATP ratio and further regulates the activity of ATP-sensi-
tive K" channels.

GLP-1 is an incretin, which is released in response to car-
bohydrate and fat intake and enhances glucose-stimulated

insulin secretion.

An increasing number of studies have
demonstrated the benefits of GLP-1 for increasing pancreatic
B cell mass and function. Because GLP-1 exerts its beneficial
effects through binding and activating its receptor, GLP-1R
is a valuable target for the treatment of diabetes”. How-
ever, GLP-1 has an extremely short half-life owing to rapid
degradation by DPP IV, which limits the therapeutic value
of exogenous GLP-1"!. Therefore, it is important to develop
small molecules that are able to activate GLP-1R. The ability
of geniposide to activate GLP-1R has previously been dem-

10121 However, the effects of this com-

onstrated in neurons
pound on the regulation of insulin secretion and GLP-1R are
poorly understood. It is conceivable that GLP-1R agonists can
play a role as anti-diabetic agents and as tools for researching
islet metabolism. Nevertheless, our findings about the action
of geniposide on P-cell insulin secretion warrant investigation
into the molecular mechanisms involved. Moreover, we also
observed that both exendin (9-39) and GLP-1R siRNA off-set
the effect of geniposide on insulin secretion, suggesting that
GLP-1R plays a critical role in the geniposide-induced increase
in insulin secretion by INS-1 cells.

Additionally, the observed increase in glucose-stimulated
insulin secretion in INS-1 cells following incubation with
geniposide was especially evident during the first-phase of
insulin secretion. In type 2 diabetes mellitus, the first-phase
of insulin secretion is abolished and late phase secretion is
reduced and delayed™. The early phase of insulin secre-
tion is pivotal in the transition from the fasting state to the

[19]

fed state with a different function"”. A reduction in the first-

phase of insulin secretion has been found both in patients with
overt type 2 diabetes mellitus and at the early stage of disease
development, which involves impaired glucose tolerance and

[20]

a slightly elevated fasting glucose'™. The effect of geniposide
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on insulin secretion through activation of GLP-1R suggests
that geniposide may be a potential therapeutic agent for the
prevention or treatment of type 2 diabetes.
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