@)

vV

TUBITAK Turkish Journal of Medical Sciences
Volume 55 | Number 2 Article 21
4-17-2025

The effects of liraglutide on expressions of insulin secretion and
beta cell survive associated GPCR genes in pancreatic beta cells

MELIKENUR TURKOL

TURKER BILGEN

Follow this and additional works at: https://journals.tubitak.gov.tr/medical

Cf Part of the Medical Sciences Commons

Recommended Citation

TURKOL, MELIKENUR and BILGEN, TURKER (2025) "The effects of liraglutide on expressions of insulin
secretion and beta cell survive associated GPCR genes in pancreatic beta cells," Turkish Journal of
Medical Sciences: Vol. 55: No. 2, Article 21. https://doi.org/10.55730/1300-0144.5997

Available at: https://journals.tubitak.gov.tr/medical/vol55/iss2/21

This work is licensed under a Creative Commons Attribution 4.0 International License.
This Research Article is brought to you for free and open access by TUBITAK Academic Journals. It has been
accepted for inclusion in Turkish Journal of Medical Sciences by an authorized editor of TUBITAK Academic
Journals. For more information, please contact academic.publications@tubitak.gov.tr


https://journals.tubitak.gov.tr/
https://journals.tubitak.gov.tr/
https://journals.tubitak.gov.tr/medical
https://journals.tubitak.gov.tr/medical/vol55
https://journals.tubitak.gov.tr/medical/vol55/iss2
https://journals.tubitak.gov.tr/medical/vol55/iss2/21
https://journals.tubitak.gov.tr/medical?utm_source=journals.tubitak.gov.tr%2Fmedical%2Fvol55%2Fiss2%2F21&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/664?utm_source=journals.tubitak.gov.tr%2Fmedical%2Fvol55%2Fiss2%2F21&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.55730/1300-0144.5997
https://journals.tubitak.gov.tr/medical/vol55/iss2/21?utm_source=journals.tubitak.gov.tr%2Fmedical%2Fvol55%2Fiss2%2F21&utm_medium=PDF&utm_campaign=PDFCoverPages
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:academic.publications@tubitak.gov.tr

Turk J Med Sci

(2025) 55: 525-530

© TUBITAK
d0i:10.55730/1300-0144.5997

Turkish Journal of Medical Sciences
http://journals.tubitak.gov.tr/medical/

TUBITAK

Research Article

The effects of liraglutide on expressions of insulin secretion and beta cell survive
associated GPCR genes in pancreatic beta cells

Melikenur TURKOL(®), Tiirker BILGEN'
Department of Nutrition and Dietetics, Faculty of Health Sciences, Tekirdag Namik Kemal University, Tekirdag, Turkiye

Received: 28.09.2024 ®  Accepted/Published Online: 20.03.2025 e  Final Version: 17.04.2025

Background/aim: Liraglutide as a long-acting glucagon-like peptide drug has anti-hyperglycemic and antiobesity effects. G protein-
coupled receptors (GPCRs) are well- known drug target molecules that conduct critical signaling pathways related with diseases.
Research has confirmed the role of many GPCRs genes in the regulation of pancreatic beta cell functions and insulin secretion.
Liraglutide dependent expressional changes in GPCR genes may let us determine new drug targets.

Materials and methods: Therefore, we investigated the changes in expression of GPR75, GPR56, GLP1R, M3R, and CB1R genes, which
are the GPCR family members, in response to liraglutide treatment in the NIT-1 mouse pancreatic beta cells in this study. Changes at the
mRNA levels of these GPCR genes were determined by a qQPCR and the ddCT method, and using a control gene and untreated control
groups.

Results: We found statistically significant increases at the mRNA levels of GPR75, GPR56, M3R, and CBIR genes with 10nM of
liraglutide at min 60, while there was no time and dose-dependent change in all of the genes investigated. We detected that the GLP1R
gene expressions were stable amongst different time points and doses of liraglutide, except for a statistically significant decrease in the
GLP1R gene expression in response to 1000nM of liraglutide treatment compared to 10nM and 100nM concentrations.

Conclusion: Our results indicate that in vitro liraglutide administration in pancreatic beta cells appears to increase the expressions of
GPR75, GPR56, M3R and CBIR genes which have already been related to insulin secretion and beta cell survive. Liraglutide may exert
this effect through the GLPIR or other cellular pathways undescribed yet. Combined usage of liraglutide and the specific ligands of
GPR75, GPR56, M3R, and CB1R may provide a better response in terms of insulin secretion and beta cell survival, making them good
targets for antidiabetic and antiobesity therapy.
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1. Introduction

Diabetes Mellitus (DM) is a significant public health issue
due to its rising prevalence and linked disease’s burden
such as obesity, cardiovascular diseases, hypertension,
kidney failure, vision loss and foot ulcers. DM is a chronic
metabolic disease characterized by the hyperglycemia
resulting from defects in insulin secretion, insulin action,
or both. Since insulin-secreting pancreatic beta cells loss
is a hallmark of both type 1 diabetes (T1D) and type
2 diabetes (T2D) which are the most common forms of
DM, in addition to insulin secretion, the studies aiming
to compensate for beta cell loss in DM have gained an
attraction recently [1].

G protein-coupled receptors (GPCRs), comprising
about 800 members of the human genome, are the largest
family of cell surface receptors. GPCRs are potential
therapeutic targets due to their roles in regulating various
physiological processes and their accessibility makes

* Correspondence: tbilgen@nku.edu.tr

them attractive pharmacological targets [2]. GPR75 has
been identified as a 20-Hydroxyeicosatetraenoic acid (20-
HETE) receptor [3]. 20-HETE is the omegahydroxylated
metabolite of arachidonic acid that affects glucose
balance, insulin signaling, and function produced by the
Cytochrome P450 (CYP) 4A and 4F enzyme family [5].
It has been shown that the GPR75 has an important role
in glycemic control and insulin sensitivity, and loss-of-
function mutations of GPR75 are protective against obesity
[4]. GPR56, a protein encoded by the ADGRG1 gene, is
also known as TM7XN1 and is characterized as a member
of the GPCR family [6]. GPR56 is highly expressed in
both human and mouse islets, and it has a therapeutic
potential for diabetes treatment. Additionally, GPR56 has
been reported to play an important role in -cell functions
and survival [7, 8]. Muscarinic Acetylcholine Receptor
(M3R) is an acetylcholine receptor and was associated to
stimulate insulin secretion [9, 10]. Cannabinoid receptor
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1 (CBIR) is a G protein-coupled cannabinoid receptor
encoded by the CBIR gene in human [11]. CB1R has been
shown to play an active role in the regulation of pancreatic
beta cell function and stimulate insulin release [10]. These
genes were included in our study due to their defined roles
in insulin secretion and B-cell survival.

Furthermore, liraglutide, as a Glucagon-like peptide-1
(GLP-1) analogue and a Glucagon-like peptide-1 receptor
(GLP-1R) agonist, has been widely used as an antidiabetic
agent worldwide in the treatment of T2D in recent years
[12]. As far as it is known, liraglutide exerts its effects
through the GLP-1R and effectively mimics the effects of
GLP-1 that is an incretin hormone lowering blood glucose
levels through the GLP-1R [13]. GLP-1 and its analogues
are not only related to the induction of glucose-dependent
insulin release [14,15], but also related to the suppression
of glucagon release [16], and appetite suppression [17].
At the cellular level, they stimulate pancreatic beta cell
replication [18], neogenesis, and differentiation [19]. They
inhibit B-cell apoptosis by reducing cellular stress [20,
21]. These lead to a reduction in insulin resistance while
improving glucose induced insulin secretion response
[22,23]. Therefore, GLP1R response upon liraglutide is
much of interest, especially for long-term administrations
and unresponsiveness to liraglutide.

This study aimed to elucidate liraglutide’s impact on
GPR75, GPR56, GLP1R, M3R, and CBI1R gene expressions
in the NIT-1 mouse pancreatic beta cells, offering insights
into its cellular mechanisms. It also seeks to identify new
cellular targets that can be used in combination with

Table. Primers used for gRT-PCR.

liraglutide to improve insulin secretion and B-cell survival
as potential antihyperglycemic activity.

2. Materials and methods

2.1. Cell culture, liraglutide treatment and gene
expressions

Liraglutide was obtained from AdipoGen. NIT-1
(ATCC CRL-2055) pancreatic beta cells (passages
29-40) were thawed and cultured in DMEM with 10%
FBS, 1% L-glutamine, 100 U/mL penicillin, 100 pg/mL
streptomycin, and 100 pg/mL amphotericin B at 37 °C with
5% CO,. After seeding 50,000 cells in 6-well plates, they
were treated with 10 nM, 100 nM, 1000 nM concentrations
of liraglutide by the presence of untreated control groups
for each concentration and time points (Liang Wang.
Endocrinology 155: 3817-3828, 2014). At the end of 30-,
60-, and 120-min time points, total RNA isolation by
the Pure Link kit (Ambion) and cDNA synthesis by the
High-Capacity cDNA Reverse Transcription Kit (Thermo
Fisher Scientific) were performed. mRNA levels of GPR75,
GPR56, GLPIR, M3R, CBIR genes, and a control gene
Actin were determined by a real-time qPCR (Applied
Biosystems). qRT-PCR primers are listed in Table. The
changes in mRNA levels between the groups were assessed
using the ddCT method.

*F: Forward; R: Reverse.

2.2. Statistical methods
Study data were analyzed at a 95% confidence interval
using SPSS 20.0. One-way analysis of variance (ANOVA)

Genes F/R* Sequences

F 5'-CCCTCACCATCATCCTCACT-3'
GPR75

R 5-CCTTCGAGTGACAAACACGA-3'

F 5-GGCTGGAAATCCAGGAGGAC-3'
GPR56

R 5-TCCAAACTGTGCTGCTTTGC-3'

F 5-GTTTCGGAAATGCTGGGAGC-3'
GLPIR

R 5-GTAGGAACTCTGGCAGGTGG-3'

F 5-GGGGAACTTAGCCTGTGACC-3'
M3R

R 5-AGAACAAGATGGCAGGAGCC-3'

F 5-GGAGCAGAGCAGGGGTTC-3'
CBIR

R 5-AACCAACGGGGAGTTGTCTC-3'

F 5'-AGAGAAGATGACGCAGATAATGT-3'
ACTIN

R 5-GGTAAAGCTGTAGCCCCGTT-3'
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identified statistical differences among experimental
groups. The posthoc Tukey test was employed for pairwise
comparisons if significant differences were detected.
Significance was established at p < 0.05 based on the
analysis results.

3. Results

Changes in expression of GPR75, GPR56, GLP1R, M3R,
CBIR genes

We did not detect any time- and dose-dependent changes
in all investigated genes, instead we found a statistically
significant increase in mRNA levels of GPR75, GPR56,
M3R and CBIR genes at 60 min with 10nM liraglutide

and a slight and statistically significant decrease in GLP1R
mRNA levels in response to 1000nM liraglutide treatment
compared to 10nM and 100nM concentrations at all tested
time points, as shown in the figure.

We here investigated the changes in mRNA levels of
GPR75, GPR56, GLP1R, M3R, and CB1R genes known as
GPCR family members upon in vitro liraglutide treatment
in mouse pancreatic beta cells, as alterations in gene
expression may let us understand liraglutide’s effects on
beta cells, identify mediating molecules, and explore new
antidiabetic targets. Despite no time and dose dependent
change, we found statistically significant increases in
expression levels of GPR75, GPR56, M3R, and CBIR
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Figure. Fold changes in mRNA levels of GPR75 (A), GPR56 (B), GLP1R (C), M3R (D), CBIR (E) genes according to
time (30-min, 60-min, 120-min) and liraglutide concentrations (10 nM, 100 nM, and 1000 nM). *Statistically significant
increase in mRNA expression of GPR75, GPR56, M3R and CB1R genes with 10nM liraglutide at 60 min compared to
30-and 120-min. Statistical significance is denoted as *<0.05. # Statistically significant decrease in GLP1R mRNA levels
with 1000 nM liraglutide treatment compared to 10 nM and 100 nM concentrations at 30, 60 and 120 min (p < 0.05).
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genes with 10 nM of liraglutide at min 60. Moreover,
we found that the GLPIR gene expression remained
unchanged following various concentrations of liraglutide,
except for a slightly but statistically significant decrease in
GLP1R mRNA levels in response to 1000 nM liraglutide
treatment compared to 10 nM and 100 nM concentrations
of liraglutide at all-time points investigated.

4. Discussion

GLP-1 increases glucose-induced insulin secretion to
lower blood glucose levels. Liraglutide is an acylated
human GLP-1 analogue with 97% amino acid similarity
to natural glucagon-like peptide-1 (GLP-1). As liraglutide
is a GLP-1 analogue, liraglutide reduces blood glucose
levels by increasing insulin secretion [24]. GLP-1 is best
known for lowering blood glucose levels in diabetics.
However, it has also been shown to reduce endoplasmic
reticulum stress, regulate autophagy, promote metabolic
reprogramming, stimulate anti-inflammatory signaling
and alter gene expressions [25]. Ligand binding to the
GLPIR initiates the activation of membrane-bound
adenylyl cyclase. This initiates a cascade that includes the
production of cyclic adenosine monophosphate (cCAMP).
GLP1R-mediated effects trigger an immediate signaling
cascade that can affect insulin release and calcium influx
due to rapid posttranslational modifications [26,27]. It
may also occur as a result of late-stage or chronic effects
that may operate modulation of gene expression or
cellular metabolism [28-30]. Although the signaling
pathways activated by liraglutide treatment in pancreatic
beta cells have been partially elucidated, there is limited
information on the gene expression profile that changes
in response to liraglutide. While it is expected from the
literature that the GLP1R gene expression would increase
in liraglutide treated cells, it was observed in our study that
the GLP1R gene expressions were stable except 1000 nM
liraglutide caused a statistically significant decrease (p <
0.05) compared to both 10 nM and 100 nM of liraglutide.
This finding suggests that duration and dose of liraglutide
may lead to unexpected changes in gene expression
[26,27]. Gengoglu et al (2019) showed that the ligands
CCL5 (GPR75 agonist), ACEA (CBRI agonist), exenatide
(GLP1R agonist) and CCh (M3R agonist) increased
insulin secretion in MIN6 mouse insulinoma cells and that
the target receptors of these ligands, GPR75, GPR56, M3R,
and GLPIR genes were expressed in those cells. The study
identified these ligands as potential treatment agents due
to their ability to increase insulin secretion [10].

Our results show that GPR75, GPR56, M3R, and CB1R
gene expressions are transiently increased by liraglutide
treatment. The treatment approaches targeting these genes
with their natural ligands may be more effective when used
together with liraglutide, especially in patients’ resistant
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to current antihyperglycaemic therapies. However, this
needs to further investigations in both in vitro and in
vivo models to be confirmed. Such studies are essential to
determine whether combination therapies may offer new
and more effective strategies for management of diabetes.

In a study conducted by Amisten et al (2013), the
peptide/protein ligands and expression of human
pancreatic islet GPCRs were investigated and an atlas
of these GPCRs was created. The atlas was developed
to investigate the interactions of GPCRs with their
endogenous ligands, the mechanisms of regulation of
islet hormone secretion, and drug-receptor interactions
that may affect insulin release. The study found that
the mRNA encoding GPR56 was the most abundant in
human pancreatic islets and that it interacts with alpha-1
collagen and activates the RhoA signaling pathway. GPR75
was identified as a new chemokine receptor activated
by CCL5 and it was suggested that it may play a role in
autoimmune processes by directing lymphocytes to the
islets. In addition, GLP1R activation promotes insulin and
somatostatin release by increasing cAMP production and
enhances glucose-stimulated insulin release by suppressing
glucagon release [31].

5. Conclusion

In conclusion, our results suggest that these GPR75,
GPR56, M3R, and CB1R genes may mediate the previously
identified functions of liraglutide in pancreatic beta cells.
Given the implications of these findings, GPR75, GPR56,
M3R, and CB1R emerge as promising candidates for novel
therapeutic targets in the treatment of diabetes and obesity,
especially when combined with liraglutide, and in patients
less or unresponsive to liraglutide. Targeting GPR75,
GPR56, M3R, and CB1R genes may improve liraglutide’s
effect. Our findings are important in identifying GPR75,
GPR56, M3R, and CBIR genes as targets for more detailed
and functional studies. Future research should further
explore the mechanistic pathways and clinical implications
of these GPCRs.
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