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Abstract
BACKGROUND 
Diabetes is a chronic metabolic disease, and a variety of miRNA are involved in 
the occurrence and development of diabetes. In clinical studies, miR-124 is highly 
expressed in the serum of patients with diabetes and in pancreatic islet β-cells. 
However, few reports exist concerning the role and mechanism of action of miR-
124 in diabetes.

AIM 
To investigate the expression of miR-124 in diabetic mice and the potential 
mechanism of action in islet β-cells.

METHODS 
The expression levels of miR-124 and enhancer of zeste homolog 2 (EZH2) in 
pancreatic tissues of diabetic mice were detected. The targeted relationship 
between miR-124 and EZH2 was predicted by Targetscan software and verified 
by a double luciferase reporter assay. Mouse islet β-cells Min6 were grown in a 
high glucose (HG) medium to mimic a diabetes model. The insulin secretion, 
proliferation, cell cycle and apoptosis of HG-induced Min6 cells were detected 
after interference of miR-124a and/or EZH2.

RESULTS 
The expression of miR-124 was upregulated and EZH2 was downregulated in the 
pancreatic tissue of diabetic mice compared with control mice, and the expression 
of miR-124 was negatively correlated with that of EZH2. miR-124 was highly 
expressed in HG-induced Min6 cells. Inhibition of miR-124 promoted insulin 

https://www.f6publishing.com
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secretion and cell proliferation, induced the transition from the G0/G1 phase to the S phase of the 
cell cycle, and inhibited cell apoptosis in HG-induced Min6 cells. EZH2 was one of the targets of 
miR-124. Co-transfection of miR-124 inhibitor and siRNA-EZH2 could reverse the effects of the 
miR-124 inhibitor in HG-induced Min6 cells.

CONCLUSION 
miR-124 is highly expressed in diabetic mice and HG-induced Min6 cells and regulates insulin 
secretion, proliferation and apoptosis of islet β-cells by targeting EZH2.

Key Words: miR-124; Enhancer of zeste homolog 2; Diabetes; Insulin secretion; Proliferation; Apoptosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In clinical studies, miR-124 is highly expressed in the serum of patients with diabetes and in 
pancreatic islet β-cells. In this study, the role and mechanism of miR-124 in diabetes was explored. miR-
124 was highly expressed in the diabetic mice, suggesting that the miR-124 was involved in the 
pathological process of diabetes. In high glucose-induced Min6 cells, miR-124 regulated the insulin 
secretion, proliferation and apoptosis of islet β-cells by targeting enhancer of zeste homolog 2 (EZH2), 
indicating that miR-124 was involved in the pathological process of diabetes by targeting EZH2, which 
might provide a new idea and target for the diagnosis and treatment of diabetes.

Citation: Duan XK, Sun YX, Wang HY, Xu YY, Fan SZ, Tian JY, Yu Y, Zhao YY, Jiang YL. miR-124 is 
upregulated in diabetic mice and inhibits proliferation and promotes apoptosis of high-glucose-induced β-cells by 
targeting EZH2. World J Diabetes 2023; 14(3): 209-221
URL: https://www.wjgnet.com/1948-9358/full/v14/i3/209.htm
DOI: https://dx.doi.org/10.4239/wjd.v14.i3.209

INTRODUCTION
Diabetes is a chronic metabolic disease characterized by hyperglycemia and clinical manifestations 
including polydipsia, polyuria and weight loss. In China, the incidence of diabetes is increasing, and 
about 90% of patients with diabetes have type 2 diabetes mellitus (T2DM)[1]. At present, it is widely 
accepted that hyperglycemia plays a vital role in the apoptosis and insulin secretion of pancreatic islet β-
cells, and dysfunctional islet β-cells contribute to the serious clinical symptoms of T2DM[2,3]. However, 
the exact mechanisms of T2DM remain poorly understood because of its complex etiology and 
pathogenesis. It is, therefore, important to explore the pathogenesis of T2DM in depth.

Evidence exists that a variety of micro RNAs (miRNAs), such as miR-375, miR-29 and miR-146 
negatively regulate the synthesis and secretion of insulin, and that this process is associated with the 
development of T2DM[4,5]. Several studies have shown that miR-124 is highly expressed in uninephrec-
tomized diabetic rats treated with streptozotocin (STZ). Furthermore, overexpression of miR-124a in the 
Min6 cell line decreases glucose-stimulated insulin secretion by directly affecting the levels of Rab27A[6,
7]. At present, evidence is lacking concerning the role and mechanism of miR-124 in diabetes.

Enhancer of zeste homolog 2 (EZH2) is an enzymatic catalytic subunit of polycomb repressive 
complex 2 that can mediate gene silencing by coordinating with other epigenetic modifying enzymes
[8]. Many studies have shown that miR-124 targets EZH2 to regulate the cell proliferation and apoptosis 
in a variety of cancer cells and is involved in the occurrence and development of cancers[9,10]. Previous 
studies have shown that with the aging of pancreatic islet cells, the expression of EZH2 gradually 
decreases, along with a decline in proliferative ability, an increase in apoptosis, and a decrease in insulin 
levels. These findings suggest that EZH2 plays an important role in the proliferation and apoptosis of 
pancreatic islet β-cells and the pathogenesis and progression of diabetes[11]. However, whether miR-124 
targeting EZH2 is involved in the occurrence and development of diabetes remains unclear.

This study explored the expression of miR-124 and EZH2 in the pancreatic tissue of diabetic mice and 
the effect of miR-124 on insulin secretion and the proliferation and apoptosis of pancreatic islet β-cells. 
The aim was to provide new insights and targets for the diagnosis and treatment of diabetes.

https://www.wjgnet.com/1948-9358/full/v14/i3/209.htm
https://dx.doi.org/10.4239/wjd.v14.i3.209
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MATERIALS AND METHODS
Animals
Twenty male, specified-pathogen free BALB/c mice aged 6-8 wk, were obtained from Sanxia University 
(Hubei, China). All mice were fed at 25℃, with relative humidity between 60% and 75%, and a 12-h 
light/dark cycle with free access to food and water. The mice were randomly divided into a normal 
control group (NC group) and diabetes group (DM group), with 10 mice in each group.

Establishment of the diabetic mouse model
After acclimation for 1 wk, mice in the DM group were fed with a high sucrose/high-fat diet, whilst 
mice in the NC group were fed with standard chow for 4 wk. All mice were fasted for 12 h and then the 
mice in the DM group were intraperitoneally injected with STZ solution (45 mg/kg, dissolved in 0.1 
mol/L citrate buffer solution; pH4.4) for 3 d to induce T2DM[12,13]. Mice in the NC group were injected 
with an equal volume of the same citrate buffer solution for 3 d. Fasting blood glucose levels were 
measured by the glucose oxidase method at 72 h after the last injection. Mice with fasting blood glucose 
levels above 16.7 mmol/L were regarded as having T2DM[14,15]. One week after this measurement, the 
mice were killed under deep anesthesia with excessive ether. Pancreases were immediately dissected 
and washed with 0.9% cold saline solution and fixed in 10% formalin solution for subsequent 
experiments.

Hematoxylin and eosin staining
Part of the pancreatic tissue was fixed in 4% paraformaldehyde for 24 h. After dehydration by ethanol 
gradients, the pancreatic tissue was embedded in paraffin and sliced into 4 μm sections. Then after 
dewaxing and rehydration, the sections were stained with hematoxylin and eosin (HE). The histopatho-
logical changes of the pancreatic tissue were observed under a light microscope.

Immunohistochemistry
Paraffin sections of pancreatic tissue were dewaxed with xylene, rehydrated with ethanol gradients and 
treated with 3% H2O2 solution at 37℃ for 15 min. Rabbit anti-mouse EZH2 and insulin antibody 
(Abcam, 1:1000) was incubated overnight at 4℃. After being washed by phosphate buffer saline, horse 
radish peroxidase-labeled goat anti-rabbit IgG secondary antibody (Abcam, 1:1000) was incubated at 37
℃ for 30 min. DAB solution was added to provide the staining for 6-8 min. Next, the sections were 
counterstained with hematoxylin and observed under a light microscope. The positive cells of EZH2 or 
insulin were characterized by brown granules in the nucleus. The expression levels of EZH2 and insulin 
were scored semi-quantitatively based on staining intensity and the percentage of positive cells using 
Image J software [National Institutes of Health, The United States (USA)]. Briefly, Immunohisto-
chemistry score = staining intensity × percentage of positive cells. Four score categories in immunos-
taining intensity: negative (0), weak (1), moderate (2), and strongly (3). Percentage of positive defined as 
0 = 0%-25%; 1 = 26%-50%; 3 = 51%-75%; 4 = 76%-100%[16]. Five fields were randomly selected in each 
section.

Cell culture
Mice pancreatic islet β-cells lines Min6 were purchased from Shanghai Meilian Biotechnology Co. Ltd, 
and the cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM, HyClone) containing 10% 
fetal bovine serum and 50 mmol/L β-mercaptoethanol in an incubator at 37℃ with 5% CO2. The 
medium was changed once every other day. When reached 80%-90% confluence, the cells were 
passaged. And the Min6 cells were incubated in DMEM medium containing 25 mmol/L glucose for 24 h 
to mimic diabetes model for subsequent experiments.

Transfection and grouping
Small interference RNA targeting EZH2 (si-EZH2) and its negative control (si-NC), miR-124 inhibitor 
and its negative control (inhibitor-NC), and miR-124 mimic and its negative control (mimic-NC) were 
purchased from Shanghai GenePharma. The cells were divided into a blank control (BC) group, high 
glucose culture (HG) medium group (Min6 cells were grown in medium with 25 mmol/L glucose), 
miR-124 inhibitor group (miR-124 inhibitor was transfected into HG-induced Min6 cells), inhibitor NC 
group (inhibitor-NC was transfected into HG-induced Min6 cells), miR-124 inhibitor + si-EZH2 group 
(miR-124 inhibitor and si-EZH2 were co-transfected into HG-induced Min6 cells), and a miR-124 
inhibitor + si-NC group (miR-124 inhibitor and si-NC were co-transfected into HG-induced Min6 cells). 
The cells at logarithmic phase were seeded into a 6-well plate. When the cells reached 70% confluence, 
the cells were transfected according to the instructions of Lipofectamine 2000. After transfection for 24 h, 
the following experiments were conducted.

ELISA
The cells were seeded into 24 well plates at a density of 5 × 103/well and cultured with 1mL Krebs-
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Ringer bicarbonate buffer containing 25 mmol/L glucose for 2 h at 37℃ and 5% CO2. Then the 
supernatants were collected and insulin content was measured using enzyme linked immunosorbent 
assay (ELISA) according to the instructions of the mouse insulin ELISA kit (Millipore, USA).

CCK-8 assay
Cell viability was detected by the cell counting kit-8 (CCK-8) method. The transfected cells were seeded 
into 96-well plates with five multiple wells in each group. After cell were cultured for 12 h, 24 h, 36 h, 
and 48 h, 10 μL of CCK-8 solution was added into each well and the cells were incubated for 4 h. Then, 
the optical density (OD) value at 450 nm of each well was detected by a microplate reader. The cell 
proliferation curve was depicted according to time as abscissa and OD value as coordinate.

Flow cytometry
After transfection for 48 h, the cells were washed with PBS and fixed overnight with 70% pre-cooled 
ethanol at 4 ℃. For detection of cell cycle distribution, 2 μL of RNase A (0.25 mg/mL) and 500 μL of 
propidium iodide (PI) dye solution (50 μg/mL) were added to the cells and they were incubated for 30 
min in the dark at room temperature before cell cycle distribution was assessed by flow cytometry.

For the detection of cell apoptosis, cell density was adjusted to 1 × 105 /mL. For a 100 μL cell 
suspension, 5 μL Annexin V- Fluorescein isothiocyanate was added, and the cells were incubated for 
15min at room temperature. Then, 10 μL of PI was added and the cells were incubated for 5 min in the 
dark before cell apoptosis was detected by CytoFLEX flow cytometry.

Real-time quantitative polymerase chain reaction
The expression levels of miR-124 and EZH2 in pancreatic tissues and cells were detected by Real-time 
quantitative polymerase chain reaction (RT-qPCR). The tissue samples were ground under liquid 
nitrogen and the total RNA from tissues and cells were extracted by Trizol (Invitrogen, USA). The 
transcriptor First Strand cDNA Synthesis kit (Takara, Japan) was used for the reverse transcription of 
RNA into cDNA. The SYBR Green Master Mix (Takara, Japan) was used for RT-qPCR. The primers were 
as follows: miR-124, forward: 5'-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTG-
GATACGACGGCATTCA-3'; U6, forward: 5'-CTCGCTTCGGCAGCACA-3'; and reverse: 5'-
AACGCTTCACGAATTTGCGT-3'; EZH2, forward: 5'-GTAGACACTC CTCCAAGAA-3', and reverse: 
5'-GGTCACAGGGTTGATAGTT-3'; β-actin, forward: 5'-CACGAAACTACCTTCAACTCCAT-3', and 
reverse: 5'-ATCTTGATCTTCATTGTG CTGGG-3'. The reaction conditions: 95 ℃ 3 min, 95 ℃ 15 s, 58 ℃ 
30 s, a total of 40 cycles. The relative expression of miR-124 and EZH2 were calculated by 2-ΔΔCt, with U6 
and β-actin as the internal references.

Western blot
The total proteins in tissues and cells were extracted by ProteoPrep® total protein extraction kit 
(Millipore, USA), and the protein concentration was detected by the bicinchoninic acid method. The 
protein samples were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis, and 
transferred onto polyvinylidene fluoride membranes. The membranes were blocked using Tris-
Hydrochloride buffer saline + Tween solution with 5% skim milk for 1h at room temperature. Next, the 
samples were incubated with first antibodies: EZH2 (Abcam, ab186006, 1:1000), caspase-3 (Abcam, 
ab13847, 1:500), Bax (Abcam, ab32503, 1:2000) and Bcl-2 (Abcam, ab182858, 1:2000) were incubated 
overnight at 4℃. After washing with TBST solution, the samples were incubated with the second 
antibody HRP-IgG (Abcam, ab7090, 1:5000) for 1 h at room temperature. Images were developed by an 
enhanced chemiluminescence reagent (Thermo-Fisher Scientific, USA) and photographed using a gel 
imaging system (BioRad, USA). The gray value ratios were analyzed using Image J software to 
represent the relative expression levels.

Double luciferase reporter assay
Targetscan (http://www.targetscan.org/vert_71/) was used to predict the target gene of miR-124. 
According to the sequence of pmirGLO and the EZH2 gene in PubMed, the wild-type and mutant 
primers (containing cleavage sites of Nhe I and Sal I) were synthesized. The wild-type and mutant 
fragment of the EZH2 gene 3'-untranslated region (UTR) were amplified to construct the recombinant 
plasmid pmirGLO-EZH2-wild type (WT) and pmirGLO-EZH2-mutant (MUT). Min6 cells were seeded 
into 24-well plates. After the cells were cultured for 24 h, pmirGLO-EZH2-WT or pmirGLO-EZH2-MUT 
plasmids and miR-124 mimic or mimic-NC were co-transfected into the cells. After transfection for 48 h, 
luciferase activity was detected by the double luciferase reporter assay kit (Promega).

Statistical analysis
All data were analyzed by SPSS 21.0. Data with a normal distribution are presented as mean ± SD. The 
comparison among multiple groups was analyzed using one-way analysis of variance, followed by a 
Tukey post hoc test. In the case of small sample sizes or non-parametric distribution, the difference 
among groups was analyzed by the Kruskal-Wallis test. The correlation between miR-124 and EZH2 
was tested by Pearson correlation analysis. Statistical significance was considered to be P < 0.05.

http://www.targetscan.org/vert_71/
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RESULTS
miR-124 was upregulated and EZH2 was downregulated in pancreatic tissues of diabetic mice
After 3 d of STZ injection, the fasting blood glucose level of mice in the DM group was more than 16.7 
mmol/L. Furthermore, HE staining showed that the pancreatic islets of diabetic mice were atrophic and 
irregular with a fuzzy boundary and fewer cells, which were disordered and swelling. By contrast, the 
pancreatic islets of NC mice were oval with a clear boundary and many cells, which were evenly 
distributed and arranged in the islets (Figure 1A). These findings demonstrated that the diabetic mice 
models had been successfully established.

RT-qPCR was used to detect the expression of miR-124 in pancreatic tissue of mice. The expression of 
miR-124 in the DM group was significantly higher than that in the NC group (Figure 1B). By contrast, 
the expression of EZH2 in the DM group was significantly lower than that in the NC group, as detected 
by RT-qPCR, western blot and immunohistochemistry (Figure 1C-E). Pearson correlation analysis 
showed that the expression of miR-124 was significantly negatively correlated with EZH2 in pancreatic 
tissue (r = -0.911, P < 0.05) (Figure 1F). Furthermore, immunohistochemical staining showed that insulin 
expression in the DM group was lower than that of the NC group (Figure 1G).

miR-124 was upregulated in HG-induced Min6 cells
Min6 cells were induced by HG to mimic glucolipotoxicity and establish the diabetes cell model[17]. 
Firstly, the expression of miR-124 was upregulated in HG-induced Min6 cells detected by RT-qPCR 
(Figure 2A). Moreover, the expression of miR-124 was downregulated by miR-124 inhibitor in HG-
induced Min6 cells, suggesting that miR-124 was highly expressed in the diabetes cell model and was 
downregulated by miR-124 inhibitor.

Silencing of miR-124 promoted the proliferation of HG-induced Min6 cells
The CCK-8 assay was used to detect the proliferation activity of Min6 cells to explore the effect of miR-
124 on the proliferation of HG-induced Min6 cells (Figure 2B). The results showed that the proliferation 
viability of HG-induced Min6 cells was inhibited, whereas knockdown of miR-124 significantly 
improved the proliferation of HG-induced Min6 cells. These findings suggested that silencing of miR-
124 promoted the proliferation of HG-induced Min6 cells.

Silencing of miR-124 promoted the HG-induced Min6 cells at the transition from the G0/G1 phase to 
the S phase of the cell cycle 
The cell cycle was detected by flow cytometry to study the effect of miR-124 on the cell cycles. As shown 
in Figure 2C, HG-induced Min6 cells were arrested at the transition from the G0/G1 phase to the S 
phase of the cells cycle. In the miR-124 inhibitor group, the proportion of G0/G1 phase cells was 
significantly reduced and the proportion of S phase cells was significantly increased. This finding 
suggested that miR-124 inhibitor promoted the cells at the transition from the G0/G1 phase to the S 
phase of the cell cycle in HG-induced Min6 cells.

Silencing of miR-124 suppressed the apoptosis of HG-induced Min6 cells
As shown in Figure 2D, the apoptosis rate of HG-induced Min6 cells was increased. By contrast, 
knockdown of miR-124 inhibited the apoptosis of HG-induced Min6 cells. In addition, the expression 
levels of the apoptosis-related proteins Bax, Bcl-2 and caspase-3 were detected by western blot 
(Figure 2E). In the HG group, the expression of Bax and caspase-3 were increased, while the expression 
of Bcl-2 was decreased. In the miR-124 inhibitor group, the opposite effect was shown. miR-124 inhibitor 
inhibited the increase in expression of Bax and caspase-3 and the decrease in expression of Bcl-2 induced 
by HG. All results emphasized the pro-apoptotic effect of miR-124 in HG-induced Min6 cells.

Silencing of miR-124 promoted insulin secretion in HG-induced Min6 cells 
To further explore the potential function of miR-124, insulin secretion was detected by ELISA 
(Figure 2F). The levels of insulin secretion decreased in HG-induced Min6 cells. In addition, insulin 
content was increased in the miR-124 inhibitor group in response to HG stimulus, suggesting that miR-
124 inhibitor promoted the insulin secretion in HG-induced Min6 cells.

miR-124 targeted EZH2 
TargetScan predicted that there was a binding site for miR-124 in the 3'-UTR region of the EZH2 gene 
(Figure 3A). Furthermore, a double luciferase reporter gene assay showed that in Min6 cells transfected 
with the pmirGLO-EZH2-WT plasmid, the miR-124 mimic reduced the fluorescence intensity (P < 0.05), 
This result suggested that miR-124 could bind to the 3'-UTR of the EZH2 gene and inhibit luciferase 
activity. The results indicated that EZH2 was a target gene of miR-124.

Silencing of miR-124 protected pancreatic β-cell function by targeting EZH2 
Firstly, RT-qPCR and western blot were used to detect the expression of EZH2 in Min6 cells. The 
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Figure 1 miR-124 was upregulated and EZH2 was downregulated in pancreatic tissue in diabetic mice. A: The pathological changes of pancreas 
in diabetic mice detected by hematoxylin-eosin staining (scale bar = 50 μm); B: The relative expression levels of miR-124 in pancreatic tissue of diabetic mice were 
higher than that of the normal control (NC) mice detected by real-time quantitative polymerase chain reaction (RT-qPCR); C and D: The relative expression levels of 
EZH2 in pancreatic tissues of diabetic mice were lower than that of NC mice detected by RT-qPCR and western blot; E: Expression of EZH2 in pancreatic tissue was 
detected by immunohistochemistry (scale bar = 100 μm); F: miR-124 was negatively correlated with EZH2 analyzed by Pearson correlation analysis; G: Expression of 
insulin in pancreatic tissue was detected by immunohistochemistry (scale bar = 100 μm). aP < 0.05, vs the NC group. NC: Normal control; DM: Diabetes group.

expression of EZH2 was downregulated in HG-induced Min6 cells, and the miR-124 inhibitor could 
upregulate EZH2 expression in HG-induced Min6 cells (Figure 3B and C). To further investigate 
whether the miR-124 inhibitor protected pancreatic β-cell function by targeting EZH2, the si-EZH2 and 
miR-124 inhibitor were co-transfected into HG-induced Min6 cells. In this experiment, the elevation of 
EZH2 expression induced by the miR-124 inhibitor was inhibited by si-EZH2 (Figure 4A and B). In 
addition, effect on the proliferation, insulin secretion, cell cycle and apoptosis were investigated 
(Figure 4C-F). si-EZH2 reduced proliferation activity and insulin secretion in HG-induced Min6 cells 
transfected with miR-124 inhibitor. The result of flow cytometry showed that si-EZH2 inhibited the 
promotional effect of miR-124 inhibitor on the cell cycle. Moreover, si-EZH2 reversed the inhibitory 
effect of the miR-124 inhibitor on apoptosis of HG-induced Min6 cells. Together, the results indicated 
that silencing of miR-124 promoted the proliferation, insulin secretion, induced the transition from the 
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Figure 2 miR-124 inhibitor promoted proliferation and the transition from the G0/G1 phase to the S phase of the cell cycle, suppressed 
the apoptosis and promoted insulin secretion in high glucose-induced Min6 cells. A: The relative expression of miR-124 was upregulated in high 
glucose (HG)-induced Min6 cells, and was down-regulated by miR-124 inhibitor detected by real-time quantitative polymerase chain reaction; B: miR-124 inhibitor 
promoted the proliferation ability of HG-induced Min6 cells; C: miR-124 inhibitor promoted the HG-induced Min6 cells at the transition from the G0/G1 phase to the S 
phase of the cell cycle; D: miR-124 inhibitor suppressed the apoptosis of HG-induced Min6 cells detected by flow cytometry; E: Relative expression of apoptotic 
related proteins Bcl-2, Bax and caspase-3 were detected by western blot; F: miR-124 inhibitor increased the secretion of insulin in HG-induced Min6 cells. aP < 0.05, 
vs BC group; bP < 0.05, vs the HG group. BC: Blank control; HG: High glucose.

G0/G1 phase to the S phase of the cell cycle, and suppressed the apoptosis of HG-induced Min6 cells by 
targeting EZH2.

DISCUSSION
Diabetes is a metabolic disorder disease characterized by chronic hyperglycemia. The pathological 
features of diabetes include insulin resistance and a secretory deficiency in pancreatic islets β-cell. 
Hyperglycemia is the direct clinical manifestation of diabetes, which can induce pancreatic β-cell 
apoptosis and decrease β-cell proliferation[18]. Dysfunctional β-cells result in low insulin secretion and 
subsequently accelerated development of diabetes[19]. In this study, mice were fed with a high sucrose/
high-fat diet combined with a low-dose STZ injection to establish the mouse model of T2DM[12]. To 
model diabetic mouse islets β-cells, Min6 cells were grown in HG medium to mimic glucolipotoxicity. 
These cells exhibited more suppressive effects on β-cell viability and proliferation compared with cells 
grown in normal medium, which is consistent with the findings of previous studies[20]. Insulin 
secretion also decreased in HG-induced Min6 cells. This decrease might result from hypofunction of 
HG-induced Min6 cells, leading to decreased glucose uptake and, therefore, decreased insulin secretion
[21].

A variety of miRNAs were abnormally expressed in patients with diabetes and affected insulin 
secretion by regulating the differentiation of islet β-cells, or affecting insulin synthesis and secretion[22]. 
Kong et al[23] found that miR-9, miR-29a, miR-30d, miR-34a, miR-124a, miR-146a, and miR-375 Levels 
were significantly elevated in the serum of individuals with T2DM. Guo et al[24] also found that miR-
124 was highly expressed in T2DM patients and involved in glucose and lipid metabolism in diabetes.

In this study, miR-124 was upregulated in the pancreatic tissue of diabetic mice and in HG-induced 
Min6 cells. Inhibition of miR-124 expression in HG-induced Min6 cells promoted proliferation activity 
and insulin secretion and also inhibited cell apoptosis. The results suggested that miR-124 was involved 
in the occurrence and development of diabetes by regulating insulin secretion, proliferation and 
apoptosis of pancreatic islets β-cells.
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Figure 3 miR-124 targeted EZH2 and downregulated the expression of EZH2. A: miR-124 targeted EZH2 verified by a double luciferase reporter gene 
assay. B: The relative expression levels of EZH2 mRNA were upregulated by miR-124 inhibitor in high glucose-induced Min6 cells detected by real-time quantitative 
polymerase chain reaction; C: The relative expression of EZH2 protein was upregulated by miR-124 inhibitor in HG-induced Min6 cells detected by western blot. aP < 
0.05, vs the mimic-NC group; bP < 0.05, vs BC group; cP < 0.05, vs the HG group. NC: Normal control; BC: Blank control; HG: High glucose.

Previous studies of miR-124 have found that miR-124 regulates the expression of SNAP25, Rab3A, 
Noc2 or other target genes to mediate insulin secretion of islets β-cells[25]. Weng et al[26] found that 
insulin secretion levels were decreased in INS-1 cells with impaired insulin secretion and speculated 
that upregulation of miR-124 was one mechanisms by which insulin secretion was reduced in INS-1 
cells. Another study also reported that miR-124 could negatively target forkhead box A2 to regulate the 
function of islet β-cells[27]. Parsa et al[28] pointed out that the levels of miR-124a in plasma were 
significantly reduced in patients with diabetes compared with individuals without diabetes and that 
miR-124a may affect the pathogenesis and progression of diabetes by regulating TRIB3. In the current 
study, EZH2 was downregulated in the pancreatic tissue of diabetic mice, which was negatively 
correlated with the level of miR-124, consistent with the results of Lu et al[11]. Furthermore, 
bioinformatics and a double luciferase reporter gene assay confirmed that EZH2 was one of the target 
genes of miR-124 and was negatively regulated by miR-124. Neo et al[29] showed that EZH2 was 
downregulated in neural P19 cells and negatively correlated with the expression of miR-124, and miR-
124 promoted the differentiation of P19 by targeting EZH2. Ma et al[30] found that miR-124 played an 
anti-tumor role in cholangiocarcinoma by regulating the EZH2- signal transducer and activator of 
transcription 3 signal axis and inducing autophagy. Tian et al[31] showed that miR-124 negatively 
regulated the expression of EZH2 to inhibit the proliferation, migration and invasion of esophageal 
cancer cells. In order to explore whether miR-124 regulated the proliferation and apoptosis of Min6 cells 
by targeting EZH2, the miR-124 inhibitor and si-EZH2 were co-transfected into Min6 cells and the 
biological characteristics were detected. The results showed that miR-124 could target EZH2, to inhibit 
insulin secretion and proliferation activity and induce apoptosis in HG-induced Min6 cells.
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Figure 4 miR-124 protected pancreatic B cell function by targeting EZH2. A and B: The relative expression levels of EZH2 mRNA and protein were 
downregulated by si-EZH2 in high glucose (HG)-induced Min6 cells detected by real-time quantitative polymerase chain reaction and Western blot; C: miR-124 
inhibitor promoted the proliferation ability of HG-induced Min6 cells by targeting EZH2; D: miR-124 inhibitor promoted the transition from the G0/G1 phase to the S 
phase at the cell cycle by targeting EZH2; E: miR-124 inhibitor suppressed the apoptosis of HG-induced Min6 cells by targeting EZH2; F: miR-124 inhibitor increased 
the secretion of insulin in HG-induced Min6 cells by targeting EZH2. aP < 0.05, vs miR-124 inhibitor + si-NC group. NC: Normal control; BC: Blank control; HG: High 
glucose.

CONCLUSION
In conclusion, this study found that miR-124 was highly expressed in diabetic mice and HG-induced 
Min6 cells. miR-124 inhibited insulin secretion and cell proliferation, promoted apoptosis of islet β-cells 
via targeting EZH2 and was involved in the pathological process of diabetes. This study indicates a new 
target for the treatment or research into the pathogenesis of diabetes. However, the study had some 
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limitations: First, how EZH2 promotes insulin secretion was not studied. Furthermore, one miRNA can 
potentially target several genes. Therefore, miR-124 might target other genes to regulate islet βcells 
function and the development of diabetes. Further experiments are needed to elaborate the role and 
mechanism of miR-124 in diabetes. Currently, long non-coding RNAs (lncRNAs) are another important 
type of RNA involved in the pathogenesis of several diseases in cooperation with miRNAs. Several 
lncRNAs cooperate with miR-124 to regulate diseases, including cancer or stroke. Therefore, the 
lncRNA that regulates miR-124 in T2DM should be investigated.

ARTICLE HIGHLIGHTS
Research background
Diabetes is a metabolic disorder disease characterized by chronic hyperglycemia. The pathological 
features of diabetes include insulin resistance and a secretory deficiency in pancreatic islets β-cell. In 
clinical studies, a variety of miRNA are involved in the occurrence and development of diabetes. And 
miR-124 is highly expressed in the serum of patients with diabetes and in pancreatic islet β-cells. So, the 
role and mechanism of action of miR-124 in diabetes was explored in the diabetes mellitus type 2 
(T2DM) mice and high glucose (HG) -induced Min6 cells.

Research motivation
A variety of miRNAs were abnormally expressed in patients with diabetes and affected insulin secretion 
by regulating the differentiation of islet β-cells, or affecting insulin synthesis and secretion. So, what is 
the role and mechanism of miR-124 in diabetes.

Research objectives
The present study aimed to investigate the expression of miR-124 in diabetic mice and the potential 
mechanism of action in islet β-cells.

Research methods
Mice were fed with a high sucrose/high-fat diet combined with a low-dose streptozotocin injection to 
establish the mouse model of T2DM. The expression levels of miR-124 and enhancer of zeste homolog 2 
(EZH2) in pancreatic tissues of diabetic mice were detected. The targeted relationship between miR-124 
and EZH2 was predicted by Targetscan software and verified by a double luciferase reporter assay. To 
model diabetic mouse islets β-cells, Min6 cells were grown in HG medium to mimic glucolipotoxicity. 
The insulin secretion, proliferation, cell cycle and apoptosis of HG-induced Min6 cells were detected 
after interference of miR-124a and/or EZH2.

Research results
The expression of miR-124 was upregulated and EZH2 was downregulated in the pancreatic tissue of 
diabetic mice compared with control mice, and the expression of miR-124 was negatively correlated 
with that of EZH2. miR-124 was highly expressed in HG-induced Min6 cells. Inhibition of miR-124 
promoted insulin secretion and cell proliferation, induced the transition from the G0/G1 phase to the S 
phase of the cell cycle, and inhibited cell apoptosis in HG-induced Min6 cells. EZH2 was one of the 
targets of miR-124. Co-transfection of miR-124 inhibitor and siRNA-EZH2 could reverse the effects of 
the miR-124 inhibitor in HG-induced Min6 cells.

Research conclusions
miR-124 is highly expressed in diabetic mice and HG-induced Min6 cells and regulates insulin secretion, 
proliferation and apoptosis of islet β-cells by targeting EZH2.

Research perspectives
miR-124-EZH2 axis might be one of the pathogenesis mechanisms of diabetes, providing a new target 
for the treatment of diabetes.
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