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Abstract 

Background and aim: Diabetes mellitus (DM) is a chronic and progressive illness that 

affects all type of populations and ages. According to World health organization (WHO) by 

2030 it will be 366 million people effected world wild. Many new drugs are Glucagon-like 

peptide-1 (GLP-1) based therapy for treatment of type 2diabetes.  GLP-1 is released from the 

intestinal L-cells, and is a potent stimulator of glucose-dependent insulin secretion. The aim 

of this study was to investigate the effect of GLP-1 and its stable analogs on cell proliferation 

of GLP-1 secreting GLUTag cells. 

Material and methods: GluTag cells were incubated for 48h in DMEM medium containing 

(0.5% fetal bovine serum and 100 IU/ml penicillin and 100 μg/ml streptomycin and 3mM 

glucose concentration) in the present or absence of the agents. DNA synthesis was measured 

using 
3
H- thymidine incorporation and Ki67 antigen staining. Western blot were performed to 

investigate the present of GLP-1 receptor in GLUTag cells. 

Results/conclusions: GLP-1(7-36) increased cell proliferation in GLUTag cells, an effect 

which was blocked by the GLP-1 receptor antagonist exendin(9-39). The GLP-1 receptor was 

expressed in GluTag cells.  

These results suggest that GLP-1 regulates proliferation of the GLP-1-secreting cell 

through a feedback mechanism via its receptor. Since serum GLP-1 levels are decreased in 

type 2 diabetic patients, the effect of GLP-1 on the GLP-1-secreting cell proliferation 

suggested here provides a novel beneficial long-term effect of the incretin-based drugs in 

clinical practice i.e. through increase of the GLP-1-secreting cell mass, augmenting the 

incretin effect. In addition, the feedback mechanism action of GLP-1 reveals a new insight in 

regulation manner of the L-cell proliferation. 
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List of abbreviations 

 

BSA     Bovine Serum Albumin 

DPP-IV    dipeptidyl peptidase-4 

DM        Diabetes mellitus 

DAPI   4',6-diamidino-2-phenylindole 

DMEM    Dulbecco's Modified Eagle Medium 

Ex4    Exendin4 

FBS   Fetal bovine serum 

GLP-1   Glucagon-like peptide 1 

GLP-1R    Glucagon-like peptide 1 receptor 

GIP    Gastric inhibitory polypeptide 

TBS    Tris Buffered Saline 

PBS-T   Phosphate Buffered Saline/Tween 20 

PBS   Phosphate Buffered Saline  

Pest    Penicillin/streptomycin 
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Introduction 

Diabetes mellitus 

Diabetes mellitus (DM) is a chronic and progressive illness that affects all type of 

populations and ages. According to World health organization (WHO) the prevalence of 

diabetes for all age-groups worldwide which was estimated to be 2.8% in 2000 will increase 

to 4.4% by 2030. This means that the total number of people with diabetes is projected to rise 

from 171 million in 2000 to 366 million in 2030 [1].   

There are different types of diabetes such as gestational diabetes, diabetes that are 

associated with hormonal disorders, but the two main type of diabetes are type1 and type 2. 

Type 1 is accounted for 5-10% of all diagnosed cases, while type 2 accounts for 85-90% of all 

patients with DM [2].
 
DM is a metabolic disorder where the cells of the body cannot utilize 

glucose properly. In type 1 DM, the pancreatic beta cells are gradually destroyed by the 

immune system resulting in reduced insulin production and an increased peripheral resistance 

to insulin. The blood glucose level rises (hyperglycemia) due to lack of insulin required for 

systemic glucose metabolism and glycogen synthesis in the liver [3].
 
Type 2 diabetes results 

from a combination of genetic and acquired factors that impair beta-cell function and tissue 

insulin sensitivity [4]. There are at least three factors contribute to hyperglycemia in type 2 

diabetes (1) peripheral insulin resistance, (2) impaired insulin secretion, and (3) increased 

liver (hepatic) glucose production. One of the first sign that a metabolic abnormality is present 

in type 2 DM patient is the presence of insulin resistance which presents as an overproduction 

of glucose by the liver, impaired peripheral glucose utilization and increased breakdown of fat 

(5). 

In the beginning as insulin resistance develops the pancreas compensates by increasing 

insulin secretion, as a result blood glucose levels remain normal. But over time the pancreas 

fails to produce enough insulin to meet the body´s demands resulting in insulin resistance and 

glucose intolerance progressing to type 2 DM [6, 7]. Hyperglycemia is only evident many 

years after insulin resistance begins, and as result tissue cells and the vasculature can be 

exposed to the negative impact of insulin resistance, hyperglycemia and hyperlipidemia for 

years before there is clinical evidence of a problem. 

Incretins 

Incretins are hormones that are released from the gut into the bloodstream in response to 

ingestion of food, thereby modulating insulin secretory response. The incretin effect is 

described as the ability of the gastrointestinal hormones such as GLP-1, released in response 

to food intake, to stimulate insulin release from the endocrine pancreas. The incretin effect 

accounts for 20 to 60 % of the overall postprandial insulin secretion in healthy subjects [8]. 

The two most important increatin hormones are glucose-dependent insulintropic peptide 

(GIP) and glucagon-like peptide 1 (GLP-1).       

GIP 

GIP is a 42 amino acid peptide produced by the K- cells and they are often found in the 

duodenum but also in the small intestine, the active form is GIP (3-42).  The main stimulators 

for the secretion of GIP are fat and carbohydrate rich meals [9]. GIP secretion reaches peak 
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concentration within 15-30 min after intake of a meal [10]. Shortly after GIP (3-42) peptide is 

released into the circulation it is cleaved by the enzyme dipeptidyl-peptidase IV(DPP IV) at 

the NH2 - terminal part resulting in GIP(3-42). In type 2 DM, the response of the pancreatic β-

cell to GIP is reduced. The reduced β-cell response to GIP remains unclear. It has been 

proposed that hyperglycemia alters the physiological response as a result of down-regulation 

of GIP receptor [11]. Therefore GLP-1 becomes more important target for treating type 2 

DM. 

GLP-1  

GLP-1 is a 30 amino acid peptide hormone product in the L-cells,which are distributed in 

the small and lager intestine, with the majority of L-cells are localized to the ileum and 

colon[12,13,14]. It is produced by posttranslational cleavage of proglucagon, which is 

processed by the coexpressed prohormone convertase PC1/3 in the L-cells [15, 16, 17]. The 

L- cells is endocrine cells. Ingestion of meal, particularly rich in carbohydrates and fat, is the 

primary stimulator for GLP-1 secretion, although the sizes of the meal and the gastric 

emptying rate have an impact on the secretion [12].
 

In human, GLP-1 is release rapidly into the circulation after oral nutrient ingestion and oral 

glucose administration but not by intravenous glucose administration, and its secretion occurs 

in two phases starting with an early phase within 10-15min, followed by a longer 30-60 min 

secondary phase[18.19].Even though little is known about the exact mechanisms where 

nutrients stimulate the GLP-1 secretion the early phase of GLP-1 secretion may be due to the 

L-cells located in more proximal regions of the small intestine, or the autonomic nervous 

systems neurotransmitters and GIP [14,20 ,21]. 

There are several forms of GLP-1 secreted in vivo such as GLP-1(1-37) and GLP-1(1-36)- 

NH2 which are thought to be biologically inactive, but the essential and biologically active 

forms of GLP-1 are GLP-1(7-37) and GLP-1(7-36)NH2.  Both of them appear to have the 

similar potency in their ability to stimulate insulin secretion [17, 21, 22].
 
The majority of 

GLP-1 that is in circulation in humans are GLP-1(7-36)NH2, the addition of the amide group 

to GLP-1(7-36)NH2 is believed mediated by the enzyme peptidylglycine α-amidating 

monooxygenase and may enhance the survival of GLP-1 in plasma [23].  

GLP-1 is extremely vulnerable to the catalytic activity of the dipeptidyl peptidase-4(DPP-

IV), which cleaves off the two NH2-terminal amino acid, resulting in the formation of the 

metabolites GLP-1(9-37) or GLP-1(9-36)NH2  [17]. DPP-IV is widely expressed and can be 

found in multiple tissues and cell type, including the kidney, lung, liver, CNS, and pancreas. 

But also on the luminal surface of endothelial cells those lining blood vessels that drain the 

intestinal mucosa which are positioned directly next to the sites of GLP-1 secretion. This 

leads to more than half of the GLP-1 that enters the portal circulation already has been cleave 

by DPP-IV before entering into the systemic circulation [21, 24, 25,].
 
Numerous of studies in 

both animals and humans have demonstrated that inhibition of DPP-IV activity prolongs the 

half-life of intact biologically active GLP-1, therefore a number of inhibitors has been 

developed or are still in a development phase. The major route for GLP-1 eliminations is 

through the kidney and involves a mechanism that includes glomerular filtration, uptake and 

catabolism [26].
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Figure 1: GLP-1 actions in deferent (peripheral) tissues. The majority of the effects of GLP-1 

are mediated by direct interaction with GLP-1Rs on specific tissues. But the actions of GLP-1 

in liver, fat, and muscle possibly occur through indirect mechanisms.
1 

GLP-1 Receptor  

The GLP-1 receptor (GLP-1R) is a G-protein coupled receptor and belongs to the same 

family as glucagon, GLP-2 and GIP receptors [27].
 
The human and rat GLP-1R were cloned 

and sequenced in the early 1990s by Bernard Thorens from their respective pancreatic islet 

cDNA libraries. Both receptors are 463amino acid in length and have 90% amino acid 

sequence identity [28, 29]. GLP-1R has been identified to be expressed in a widely range of 

tissues including pancreatic islets α-, β-, and δ-cells but also in the brain, heart, kidney and the 

gastrointestinal tract although its function is not known for all these locations [30, 31, 32, 33, 

34]. The N-terminal which is a extracellular region of the GLP-1R is necessary for the GLP-1 

binding, while distinct domains within the third intracellular loop are critical for efficient 

coupling of the receptors to its specific G-proteins [35]. GLP-1R agonists produces several 

biological actions in the pancreas β-cells including stimulation of glucose-dependent insulin 

secretion, where the most important component is cAMP which mediates its stimulating effect 

on insulin secretion via two distinct mechanisms (1) Protein kinase A (PKA)-dependent 

phosphorylation of the downstream targets (2) PKA- independent activation of cAMP- 

regulated guanine nucleotide exchange factor II also known as Epac 2 [36].
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Physiological action of GLP-1 

The most important action of GLP-1 is its incretin function. The incretin effects imply the 

amplification of insulin secretion caused by the incretin hormones.  GLP-1 enhances both the 

biosynthesis and secretion of insulin from pancreatic β-cells. The incretin effect is estimated 

to account for approximately 50%–70% of the total insulin secreted after oral glucose 

administration [37].
 
The circulating GLP-1 concentration is low in the fasting state, but rises 

within 15 min after ingestion normally peaking within 30-45 min and returning to basal levels 

over 2-3 hours [38]. The incretin effect is demonstrated by comparing insulin responses to 

oral and intravenous administration glucose, where the intravenous infusion is adjusted so it 

results in the same plasma glucose concentration [27, 39]. The outcome of a healthy person, 

oral administration causes a three to fourfold lager insulin response comparing with the 

intravenous method. Similar increases are revealed by measuring the insulin´s C-peptide, 

ruling out the possibility that the differences caused by a liver insulin uptake, since the C-

peptide is not taken up by the liver.
 
This proves that the increase in insulin secretion in oral 

administration is mainly due to the actions of insulinotropic gut hormones where the two most 

important are GLP-1 and GIP [27, 40, 41, 42]. In addition its incretin effects, GLP-1 is 

involved in the maintenance of pancreatic β -cell mass by stimulating β -cell proliferation and 

inhibiting β -cell apoptosis [43,44]. In the gastrointestinal tract the GLP-1 effects include 

inhibition of meal-stimulated gastric acid secretion and gastric emptying. The inhibition of 

gastric empting reduce the increases in meal associated blood glucose levels by slowing the 

transit of nutrients from the stomach to the small intestinal, and therefore contributes to the 

normalization of blood glucose levels.
 

GLP-1 also has several other effects such as 

suppressing liver glucose production, inhibit glucagon secretion and increasing insulin 

sensitivity and secretion [45, 46, 47, 48, 49]. 

GLP-1 has neural effects since both GLP-1 and it´s receptors are present in regions of the 

CNS that regulate many functions including feeding behavior resulting in loss of appetite, 

gastric motility and cardiovascular function.  It also has a neuroprotective effects and has been 

proposed as a new therapeutic agent for neurodegenerative diseases. The cardiac effects 

associated with GLP-1 are for example an increase in cardiac output and other cardio 

protections [17, 45]. 

GLP-1 in diabetes treatment 

While other insulinotropic agents such as sulfonylureas have an increasing effect on 

pancreatic β-cell apoptosis. Studies in different animal models have provided evidence that 

GLP-1 can delay or even reverse the loss of β-cell mass by inhibiting apoptosis even in 

human β-cells [49, 50, 51].
 
Even do β-cell replications rarely occur in human inhibitions of 

apoptosis may be important for the treatment of diabetes, since the normal number of β-cells 

is maintained in a balance between apoptosis and proliferation [49, 52, 53]. Furthermore 

GLP-1 stimulates the transcription of genes coding for β-cell components involved in the 

process of glucose sensing and insulin synthesis and secretion [54]. GLP-1 has an effect on 

appetite and food intake therefore reducing the body weight and benefiting the treatment of 

the disease [55]. 
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Incretin effect of GLP-1 in type 2 diabetes 

The incretin effect seems to be absent or at least reduced in patient with type 2diabetes, 

since, unlike a healthy person, there were no significant differences in C-peptide 

concentration between the experiments where oral and intravenous glucose was given 

[56].GLP-1 has been shown to have a significantly reduction in type 2 diabetes, although the 

insulin response to GLP-1 is retained [57,58,59 ].Both defects in the secretion and action of 

incretin hormones seems be responsible for the reduced incretin effects on diabetes type 2 

patients even though the molecular mechanisms underlying this is currently unknown. 

GLP-1 and its stable analogues 

There are several reasons way GLP-1 is used for treatment of diabetes, the fact that insulin 

secretion can be restored to a normal level by administration of GLP-1 is the most important 

one. The major challenge for development of GLP-1 based drugs has been that the hormone is 

rapidly inactivated by DPP-IV.  There are now two approaches used to overcome this 

problem. The first consist in the development of GLP-1 analogs, also called incretin mimetics 

that bind to the GLP-1 receptors with the same affinity as GLP-1 but resist the degradation by 

DPP-IV. The second is to design drugs that inhibit the action of DPP-IV so called incretin 

enhancers witch prolong the effect of native GLP-1 and increase their serum levels. The two 

available incertin enhancers are sitagliptin(Januvia) and vildagliptin (Galvus). 

Exenatide (synthetic exendin 4) was isolated from the lizard venom, Heloderma suspectum 

and shares approximately 50% of its amino acid sequence with mammalian GLP-1             

[60, 61]. Exendin-4 is a GLP-1 receptor agonist and unlike GLP-1 it is not degraded by DPP-

IV. It was approved for diabetes treatment in 2005 and is available under the name Byetta. 

Exendin 4 has several incretin effect which include lowering blood glucose without a risk for 

hypoglycaemia, increases insulin secretion (beta-cell function), and lowers glucagon release 

[58, 62, 63, 64].
 
Exendin (9-39) which is an N-terminally reduced peptide copied of the 

Lizard GLP-1R exendin(9-39) , binds to the GLP-1R and functions as a specific GLP-1 

antagonist[65]. 

 

DPP-IV cleavage site 

       

 

Figure 2: Amino acid sequences for GLP-1, Ex4 and the GLP-1 receptor antagonist, Exendin 

(9-39). The purple shading represents the amino acid substitutions in the Ex4 sequence 

relative to the GLP-1 sequence (shaded red). Replacement of the alanine with glycine in 

position 8 renders the peptide protease resistant and improves stability. 
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The limitations of older therapies for diabetes have intensified the request for new 

medications and better understanding of both the physiology and pathophysiology of glucose 

metabolism. The effect of GLP-1 and its agonists on proliferation of the GLP-1-secreting cells 

are unknown. In this study, we have studied the role of GLP-1 on proliferation of the GLP-1-

producing cell GluTag.  

 

Aim of the study 

 To investigate the roles of anti-diabetic drugs GLP-1 (7-36), exendin-4, and its 

metabolite GLP-1 (9-36) on proliferation of the GLP-1 secreting GluTag -cells. 

 To study the involvement of the GLP-1 receptor on GLP-1/exendin-4-induced 

proliferation of GluTag cells. 
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Materials and methods 

Cells 

The cells used for all experiments were GLUTag cells which are a stable immortalized 

murine enteroendocrine cell line that secretes GLP-1. This cell line was isolated from a 

glucagon producing entroendocrine cell tumour that occurs in glucagon gene SV40 T-antigen 

transgenic mice. The GLUTag cells were grown in DMEM medium containing 5.5mM 

glucose concentration, 10% (vol/vol) fetal bovine serum (FBS ) and 1% penicillin/streptomycin 

(Pest) at 37°C in a humidified (5% CO2 , 95% air) atmosphere. The medium was changed every 2days. 

Experimental methods 

Anti-diabetic agents 

The concentration of the drugs during the incubation was GLP1-1(7-36) 10nM 

(Polypeptide Group), GLP-1(9-36) 10nM (PolyPeptide Laboratories, Torrance, CA), 

Exendin4 1nM (Sigma Aldrich, St Louis, MO) Exendin (9-39) 100nM (PolyPeptide 

Laboratories, Torrance, CA). Due to the degradation of GLP-1(7-36) was added every 12 h 

during the 48 h incubation. 

3
H-thymidine incorporation  

400,000-450 000 Glutag cells was grown in 6-well culture plate with 2 ml medium/well 

comntaining DMEM, supplimentated with 10% FBS and 5,5 mM glucose, and allowed to 

reach 80-90%  confluence. The cells was then incubated overnight with starvation medium 

(DMEM 0,5%FBS and 5.5 mM glucose), followed by an incubation for 48 hours with the 

starvation medium containing the different anti-diabetic agents. Two wells of cells were used 

as controls where no anti-diabetic agent was present. Six hours before the end of the 

incubation, all wells were added with 1µCi/ml 
3
H-thymidine (Amersham Biosciences 

#TRKQ7090). At the end of the incubation, the cells were trypsinized, centrifuged and the 

supernatant was discarded, the cells were washed three times in1 ml PBS . 
3
H-thymidine 

incorporated into DNA was measured using microplate scintillation and luminescence counter 

(Wallac MicroBeta® Trilux 1450-024, PerkinElmer with software: MicroBeta windows 

workstation version: 3.1) in the presence of 200µl scintillation fluid (PerkinElmer). The result 

was normalized with the protein concentration of the sample determined using BCA Protein 

Assay kit.  

Immunocytochemistry with Ki67 staining  

Approximately 100 000-150 000 cells/well was transfer to 24-well plate containing 1 ml 

DMEM medium with 10%FBS and 5,5mM glucose. The cells were grown to 80-90% 

confluence. The medium was then change to the starvation medium with or without anti-

diabetic agents and the cells were incubated for 48 hours in an incubator. At the end of the 

incubation, the medium was removed and the cells were rinsed twice with PBS before fixed 

with ice cold 3.7% formaldehyde (Sigma, F8775) in PBS for 10 minutes at room temperature. 

The cells were then washed three times with PBS before proceeding with immunolabeling. 
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Immunolabeling 

The fixed cells were blocked in PBS-0.1% Tween 20 (PBS-T) with 10% rabbit serum for 2 

hours at 4
o 

C. Immunolabeling was performed by incubation of the fixed cells with the 

primary rabbit- polyclonal anti-Ki67 antibody (Leica Biosystems #NCL-Ki67p, 1:500 in 

PBS-T, 200 μl/well) for 1 hour. The cells was washed four time with PBS-T before a two-

hour  incubation with the secondary antibody anti-rabbit FITC-conjugated (Invitrogen , 

#21206, 1:200 in PBS-T/10% rabbit serum) The cells were washed four times in PBS-T. 

Nuclear was stained with the fluorescent marker 4',6-diamidino-2-phenylindole (DAPI) 

(SIGMA  #D8417, 1: 50000, 5 min).  The cells were washed several times with PBS-T before 

images were captured on an Olympus microscope (CKX41 with a KX-85 Olympus camera 

and software: Cell^A Olympus). 

Protein measurement - BCA-assay 

The protein content in each sample was determined using a BCA Protein Assay (Micro 

BCA Protein Assay Kit Thermo Scintific #23235) following the manufacturer instructions. 

Briefly, a standard curve was prepared as follows,  6 ml PBS solution was diluted with 315 µl 

lysis buffer and bovine serum albumin (BSA) with the concentration 2 mg/ml to obtain a 

series of dilutions (0,0,5, 1, 2.5, 5, 10,  20, and 40 μg/ml).  20 µl from each cell samples was 

also diluted with 380 µl PBS solution and both standards and samples were transferred to the 

microplate, subsequently, 150 µl reagent mixture from the kit were added to each well. The 

mixture was then allowed to incubate at 37° C in a humidified (5% CO2 , 95% air) atmosphere 

for 2-3 hours. Absorbance was measured at 562 nm using a microplate reader (Labsystems 

iEMS Reader MF, Finland with software: Ascent software version 2.6) 

Western blotting 

Cell lysate preparation 

Two culture flasks containing GLuTag and MIN6 cells with a confluence of 80-90% were 

harvested by trypsinization.. The cells were washed twice with PBS and lysed in lysis buffer 

(PBS 1%Tritorn, 2.5µl 200 µM PMSF and protease inhibitor cocktail). After 30 minute 

incubation on ice, the cell lysate was centrifuged at 5000  g for 20 min, at 4° C. The 

supernatant was collected into fresh tubes and stored at -80° C pending analysis. Ten µl of the 

supernatant was taken for protein content determination. The protein content in each sample 

was determined using BCA protein assay.  

SDS-PAGE and Western blotting 

A gel for SDS-PAGE containing 7.5% polyacrylamide was prepared.Same amount of 

protein i.e. 20 µg from each of the two samples was loaded to the gel  and run for approx 1 h 

at 150 V. Separated proteins in the gels were electrophoretically transferred onto 

nitrocellulose membranes (100 V for 1 hour). The membrane was rinced with TBS-T(20 mM 

Tris base,137 mM NaCL pH 7.6, with, 0.05% Tween20) and blocked overnight in 5% non-

fat-milk(Bio-Rad Laboratories #1706405) in TBS-T. The membrane was washed again with 

TBS-T and further incubated overnight with the primary anti-GLP-1 receptor antibody (Santa 
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Cruz Biotechnology #Sc-66911) diluted 1:500 in TBS-T containing 1% BSA. The membrane 

was washed 6 times on a plate shaker. The nitrocellulose membrane was then incubated for 1 

hour with the secondary antibody goat anti-rabbit IG-HRP (Santa Cruz Biotechnology #Sc-

2030) diluted 1:10000 in TBS-T-1%BSA. The membrane was washed in TBS-T six times and 

protein bands were visualized by ECL (Amersham, GE Healthcare UK # RPN2132). In order 

to normalize the band densities, the membrane was stripped and re-blotted with monoclonal 

β-actin mouse antibody (SIGMA #A1978) diluted 1: 2000 in TBS-T and 1%BSA. The band 

densities were measured using densitometry (Bio-Rad Laboratories Segrate, Milano, Italy Id 

no: 101865-0 software : Quantiy one 4.6.3). 

 

Statistic methods 

Statistical analysis was conducted using ANOVA or Student´s t test. The result were 

expressed as mean ±Standard error (SEM) it was considered to be statistically significant at 

P<0.05. 
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Results and Discussion 

1/. GLP-1 (7-36), but not its metabolite GLP-1(9-36) and exendin-4, stimulates 

proliferation of the GLP-1-secreting cell GluTag. 

    Effect on cell proliferation was measured using two different methods that are widely used 

for studying cell proliferation. 3H- thymidine incorporation is standard method to monitor 

rates of DNA synthesis and cell proliferation, were Ki67 is used as a proliferation marker 

since the polyclonal antibody labels Ki67 antigen in the granular components of the nucleolus 

during proliferation stages. 
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Figure1: Cell was incubated for 48 h in DMEM medium contaning 3mM glucose, .5% FBS in 

the present or absent of the agents. Cells were pulsed with 
3
H –thymidine 6 h prior to the end 

of the incubation. The result were normalized by protein content in each dish and expressed 

as percentage of control. They are from three independent duplicate experiments (* P<0.05). 

    GLP-1(7-36) significantly enhanced thymidine incorporation into cells. At the 

concentration of 10 nM, GLP-1(7-36) caused approximately 300% of increase in 
3
H-

thymidine incorporation, compared to the controls, indicating a stimulatory effect of the drugs 

on cell proliferation. In contrast, Exendin4 did not show any effect on cell proliferation. 

(Figure 1 A) In addition, incubation of the cells with GLP-1(9-36), the major GLP-1 

metabolite did not result in any changes in thymidine incorporation compared to control. 

(Figure 1B) 
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Figure 2: Cell was incubated for 48 h in DMEM medium contaning 3mM glucose, 0.5% FBS 

in the present or absent of the agents. Immunocytochemistry was then performed to detect 

cells in proliferation state. Result are from three independent duplicate experiments (* 

P<0.05) 

  To further verify the observed effect of GLP-1(7-36) on proliferation of GluTag cells, Ki67 

staining was performed. The result shows that GLP-1(7-36) casued a 50% increase in 

proliferation compared to control. Consistent with the results from 
3
H-thymidine 

incorporation, GLP-1(9-36) did not show any significant changes in the Ki67 staining 

(Figures 2). This result further indicates a role of GLP-1(7-36), but not its metabolite, in 

promoting proliferation of the cells. 

The involvement of the GLP-1 receptor in the GLP-1(7-36)-induced proliferation was 

evaluated by co-incubation of the cells with the GLP-1 receptor antagonist Exendin (9-39). 

Ata concentration of 100 nM , exendin(9-39) completely blocked the GLP-1(7-36)- induced 

proliferation.  

   The GLP-1(7-36)-stimulated cell proliferation was also evaluated by cell counting. The 

result shows that GLP-1(7-36), but not GLP-1(9-36), showed a clear tendency in increasing 

the cell number, although a significant change was not reached due to a limited experiment 

number. The effect of GLP-1(7-36) was prevented in the presence of exendin(9-39) (Figure 

3). 
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Figure 3: The cell number from Ki67 stained cells presented as percentage of control, the 

result are from three experiments (* P<0.05). 

The above results indicate that GLP-1(7-36), secreted from the GLP-1-secreting cells is able 

to stimulate the cell proliferation by a feedback mechanism. Such feedback action manner has 

been seen in other cells, such as the pancreatic β-cell, where insulin stimulates insulin gene 

expression and secretion.  The present results suggest that such an autocrine/paracrine action 

may also be functioning in the GLP-1 secreting cells in regulation of cell proliferation. 

Considering that the GLP-1 metabolite GLP-1(9-36), which has poor affinity to the GLP-1 

receptor, was without effect on the cell proliferation; and that the effect of GLP-1(7-36) could 

be blocked by the GLP-1 receptor antagonist, the effect of GLP-1(7-36) on the cell 

proliferation is likely to be mediated through the GLP-1 receptor. 

The lack of effect by exendin-4 may suggest different action manner of GLP-1 and 

exendin-4 [22, 23, 29]. In addition, the presence of distinct exendin receptor has been 

proposed [28].
 
This finding raised a question: whether the GLP-1 receptor is expressed in the 

GLP-1-secreting cells? 
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2/. The GLP-1 receptor is expressed in the GLP-1-secreting cell GluTag 

   To verify the present of GLP-1 receptors  in GLUTag cells Western blot was carry out using 

insulin-secreting MIN6 cells as a positive control, which are known to express the GLP-1 

receptor.  

As shown in Figure 4, the GLP-1 receptor is present in the GluTag cells, with approximately 

2.5 times less in abundance, compared to those in MIN6 cells, after normalized band density 

with β-actin.  The same amount of protein (20 ug) prepared from MIN6 or GluTag cells were 

loaded. However, the band densities of β-actin revealed different, indicating different amount 

of protein loaded. The losses of MIN6 protein probably happened during sample loading 

process. 
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Figure 4: Left) Western blot of GLP-1R express in GLUTag cells and Min6 cells (The same 

amount of protein was loaded to each well 20 µg per lane).  Left: Antibody directed against 

GLP-1R was performed and a band with strong intensity was obtained corresponding to the 

GLP-1 receptor molecular mass 53kDa.  Right: The membranes were also incubated with β-

actin to establish band density.  

 

   Taken together, the above results suggest that GLP-1 secreted from the GLP-1-secreting 

cells promotes proliferation of the cells through an autocrine/paracrine mechanism mediated 

by the GLP-1 receptor expressed in the cells. The absence of the proliferative effect by 

exendin-4 may suggest different signaling and function manners of GLP-1(7-36) and exendin-

4 in the cells.  
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Conclusion and future work 

The result obtained suggests: 

1. GLUTag cells express GLP-1 recepors 

2. GLP-1(7-36) enhances cell proliferation in GLUtag cells 

3. Exendin-4 and GLP-1(9-36) do not have effect on cell proliferation 

4. The GLP-1(7-36)-induced proliferation of GluTag cells is blocked by Ex4(9-36) in 

GLUTag cells. 

Future work: 

   In order to further validate these finding, further studies are required. After having 

investigated the agent’s effect on cell proliferation, the mechanism underlying this effect 

needs to be studied. This includes studying whether GLP-1 receptor actually is activated in 

GLUTag cells, by investigate the signal transduction pathways activated by GLP-1(7-36) and 

the post- receptor activations in this event. In addition the requirement of GLP-1 receptor in 

the GLP-1(7-36)-induced proliferation of GluTag cells should also be studied, in cells with 

GLP-1 receptor knockdown using siRNA. 
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