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Abstract. Pancreatic β cell dysfunction is a key characteristic 
in the pathogenesis of diabetes mellitus (DM). MicroRNAs 
(miRNAs) have been identified to serve a role in DM pathogenesis, 
but how specific miRNAs regulate glucose‑stimulated β cell 
functions remain unclear. The present study aimed to explore 
the effects of miR‑433 on cell growth under high‑glucose 
culture conditions and to determine the possible mechanisms 
involved. Reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) analysis was performed to detect 
the expression levels of miRNAs in Min‑6 pancreatic β cells 
cultured in high‑glucose medium, which revealed that miR‑433 
was significantly downregulated. Results from in vitro Cell 
Counting Kit‑8, colony formation and flow cytometry analyses 
indicated that overexpression of miR‑433 may enhance cell 
viability and proliferation by promoting cell cycle progression 
and suppressing apoptosis. Furthermore, bioinformatics 
prediction and luciferase analysis demonstrated that miR‑433 
was able to inhibit the expression of cyclooxygenase 2 (COX2) 
through targeting its 3'‑UTR. Moreover, knockdown of COX2 
expression alleviated the inhibition of cell growth induced 
by high glucose, similar to overexpression of miR‑433. In 
conclusion, the present results suggested that miR‑433 may 
protect pancreatic β cells cultured in high glucose, which 
suggests that miR‑433 may have beneficial effects in preventing 
and treating DM.

Introduction

Diabetes mellitus (DM) is characterized by elevated blood 
glucose levels (hyperglycemia) and has been identified as the 
most widespread metabolic disease worldwide (1). It is esti-
mated that >300 million people are suffering from DM and 
this number is expected to reach 600 million by 2030 (2). The 

rapidly increasing incidence of DM is one of the most chal-
lenging threats to public health in the 21st century. Despite some 
achievements for DM treatment, a variety of complications 
persist, such as endothelial dysfunction and retinopathy (3,4). 
Therefore, a better understanding of the mechanisms of DM 
pathogenesis is of great clinical significance.

Pancreatic β cell dysfunction has been reported to be the 
key process in the development and progression of DM; these 
cells are particularly sensitive to the glucose concentration 
under diabetic conditions (5‑7). Hyperglycemia serves a direct 
role in inducing pancreatic β cell apoptosis and decreasing 
β cell proliferation (8). Dysfunctional β cells result in low 
insulin secretion and subsequently accelerated development 
of DM (9). Therefore, it is vital to maintain a normal status of 
β cells and to protect β cell function, which will be important 
therapeutic targets for the treatment of DM (10,11). Previous 
studies have focused on how to protect and improve functional 
β cells to regulate glucose homeostasis in diabetes (12,13); 
however, the exact mechanisms underlying glucose‑induced 
pancreatic β cell apoptosis and dysfunction remain largely 
unknown.

MicroRNAs (miRNAs) are a large class of small, 
non‑coding single‑stranded RNAs that have been demonstrated 
to be involved in the pathogenesis of many diseases, 
including cancers (14), bacterial and viral infections (15,16) 
and diabetes  (17). In addition, alterations in miRNA 
expression exert regulatory functions in posttranscriptional 
modification or degradation of their target genes by binding to 
complementary regions in the 3'‑untranslated region (UTR) of 
their target mRNA transcripts (18,19). Previous studies have 
demonstrated that miRNAs play a crucial role in pancreatic 
development and function. For example, miRNA (miR)‑7 was 
the first to be reported to negatively regulate insulin secretion 
by β cells  (20), and miR‑375 was revealed to negatively 
regulate glucose‑stimulated insulin secretion by regulating 
the expression of myotrophin and phosphoinositide‑dependent 
protein kinase 1 (21,22). In addition, miR‑96 was demonstrated 
to inhibit insulin secretion by targeting the expression of the 
Rab GTPase effector Noc2  (23). Other miRNAs, such as 
miR‑7a, were also reported to potentially contribute to β cell 
expansion during pancreatic organogenesis (24). In addition 
to these miRNAs, miR‑433 expression was revealed to be 
downregulated in the visceral adipose tissues of patients with 
non‑alcoholic steatohepatitis (25) and may act as a suppressor 
in human gastric carcinoma  (26). Furthermore, miRNA 
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profiling revealed miR‑433 was downregulated in insulin 
2‑mutant diabetic Akita mice (27), suggesting that it may be 
closely related with diabetes pathogenesis.

The present study aimed to elucidate the biological func-
tions and molecular target of miR‑433 in pancreatic β cells 
and to examine its role in a high‑glucose environment. The 
results indicated that miR‑433 may be able to protect mouse  
pancreatic β cells against high‑glucose‑induced impair-
ment of cell viability by directly targeting cyclooxygenase 2 
[COX2; also known as prostaglandin‑endoperoxide synthase 2 
(PTGS2)] transcripts. Restoration of miR‑433 expression may 
provide preliminary evidence for the clinical management of 
DM.

Materials and methods

Cell culture and glucose treatment. Min‑6 mouse pancreatic 
β cells and HEK293T cells were purchased from the Cell 
Bank of Type Culture Collection of the Chinese Academy 
of Sciences (Shanghai, China). All cells were cultured in 
Dulbecco's Modified Eagle's Medium (DMEM; HyClone; GE 
Healthcare Life Sciences, Logan, UT, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). Cells were incubated in 
a humidified incubator at 37˚C under 5% CO2 atmosphere. The 
medium was replaced every other day.

Min‑6 cells were treated with either a low concentration of 
glucose (5 mmol/l; Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) or a high concentration of glucose (11 mmol/l; 
the high‑glucose group) for 24 h. The high‑glucose group 
was further divided for subsequent miR‑433 overexpression 
analysis, as detailed below.

Transient transfection with miRNA mimics or siRNA. Mouse 
miR‑433 mimics and negative controls (NC), and COX2 short 
interfering (si)RNA (siCOX) and siRNA negative control were 
obtained from Shanghai GenePharma Co., Ltd. (Shanghai, 
China). The sequences were as follows: miR‑433 mimic, 
sense 5'‑AUC​AUG​AUG​GGC​UCC​UCG​GUG​U‑3'; siCOX, 
sense 5'‑GAC​CCA​AGC​AUG​UUA​UAA​AUU‑3'; siRNA‑NC 
and mimics‑NC, 5'‑CAG​UAC​UUU​GUG​UAG​UAC​AA‑3'. For 
transfection, Min‑6 cells (2x105 cells/well) were cultured in 
a 6‑well plate and transiently transfected at ~80% confluence 
with 50 nM siCOX and NC for 48 h at 37˚C using Lipofectamine 
2000 reagent (cat. no.  52887; Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol.

In addition, according to the manufacturer's protocol, 
Min‑6 cells (2x105 cells/well) seeded in 6‑well plates were 
transfected with 200 µl mature miR‑433 mimic (100 nM) 
and NC (100 nM) for 48 h at 37˚C using Lipofectamine 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) for 72 h. 
Successful transfection was confirmed using reverse transcrip-
tion‑quantitative polymerase chain reaction (RT‑qPCR). The 
primers used were as follows: miR‑433, forward 5'‑GGG​ATC​
ATG​ATG​GGC​TCC​TCG‑3' and reverse 5'‑CTC​AAC​TGG​
TGT​CGT​GGA‑3'.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was isolated 
from cells (2x106) using the mirVana miRNA Isolation kit 

(Ambion; Thermo Fisher Scientific, Inc.), according to the 
manufacture's protocol. RNA purity was measured photo-
metrically using a NanoDrop spectrophotometer (Thermo 
Fisher Scientific, Inc., Wilmington, DE, USA). The optical 
density (OD)260/280 ratio was used as an indicator for RNA 
purity. A ratio >1.8 was assumed as suitable for gene expres-
sion measurements. Total RNA was reverse transcribed into 
cDNA using the RevertAid First Strand cDNA Synthesis kit 
(cat no. K1622; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. For miRNA expression analysis, 
200 ng of total RNA were isolated from Min‑6 and HEK293T 
cells and reverse transcribed into cDNA using the RevertAid 
First Strand cDNA Synthesis kit (Thermo Fisher Scientific, 
Inc.). qPCR was performed using SYBR Green PCR Master 
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
on the on the ABI HT9600 system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The reaction volume was 
10 µl and contained the following: 5 µl SYBR‑Green PCR 
Master Mix, 10  µM (0.4  µl) of each forward and reverse 
primer, 0.2 µl ROX reference dye, 1 µl cDNA template and 
3 µl ddH2O. Thermocycling conditions were as follows: Initial 
1 step at 95˚C for 10 min, followed by 40  cycles at 95˚C 
for 15 sec and at 60˚C for 60 sec. Relative gene expression 
was calculated using the comparative Cq method (28), and 
miR‑433, miR‑199‑5p, miR‑30a and miR‑22 expression was 
normalized to U6, whereas COX2 expression was normalized 
to β‑actin. The following primers were in the present study: 
miR‑433, forward 5'‑GGG​ATC​ATG​ATG​GGC​TCC​TCG‑3'; 
miR‑199‑5p, forward 5'‑CTG​GGC​CCA​GTG​TTC​AGA​CTA​
CCT‑3'; miR‑30a, forward 5'‑GCT​GGG​TGT​AAA​CAT​CCT​
CG‑3'; and miR‑22, forward 5'‑GCT​GGG​AAG​CTG​CCA​GTT​
GAA​G‑3'; each forward primer was used in combination with 
the universal miRNA reverse primer, 5'‑CTC​AAC​TGG​TGT​
CGT​GGA‑3'; COX2, forward 5'‑AGA​TGA​CTG​CCC​AAC​
TCC​CA‑3', reverse 5'‑TGAACCCAGGTCCTCGCTTA‑3'; U6, 
forward 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3', reverse 5'‑AAC​
GCT​TCA​CGA​ATT​TGC​GT‑3'; and β‑actin, forward 5'‑CAT​
TGC​TGA​CAG​GAT​GCA​GA‑3' and reverse 5'‑CTG​CTG​GAA​
GGT​GGA​CAG​TGA‑3'.

Western blot analysis. Total proteins were isolated from cells 
(2x106) using radioimmunoprecipitation assay lysis buffer 
(Sigma‑Aldrich; Merck KGaA) supplemented with a protease 
inhibitor cocktail (cat no.  P8340; Sigma‑Aldrich; Merck 
KGaA) for 5 min on ice, and then centrifuged at 13,000 x g 
for 20 min at 4˚C. Protein concentration was determined using 
a bicinchoninic acid assay kit (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA), according to the manufacturer's protocol. 
Equal amounts of extracted protein samples (30 µg) were 
separated by 10% SDS‑PAGE and transferred onto polyvinyli-
dene difluoride membranes, which were then blocked for 2 h 
with 5% non‑fat dry milk and incubated at 4˚C overnight with 
primary antibodies against COX2 (cat no. 12282; 1:1,000; Cell 
Signaling Technology, Inc., Danvers, MA, USA) or GAPDH 
(cat no.  5174; 1:1,000; Cell Signaling Technology, Inc.). 
Membranes were then incubated for 1 h at room tempera-
ture with the following horseradish peroxidase‑conjugated 
secondary antibodies: goat anti‑mouse immunoglobulin (Ig) 
G (cat no. SC‑2005; 1:1,000; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) and goat anti‑rabbit IgG (cat no. SC‑2004; 
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1:1,000; Santa Cruz Biotechnology, Inc.). Protein bands were 
visualized using the Enhanced Chemiluminescence Western 
Blotting Analysis System (Pierce; Thermo Fisher Scientific, 
Inc.). Data were analyzed using the Image Lab software 
version 4.1 (Bio‑Rad Laboratories, Inc.).

Dual luciferase assays. StarBASE software version 2.0 
(http://starbase.sysu.edu.cn/panCancer.php) was used to 
identify potential target genes for miR‑433; results indicated 
that the COX2 gene contained a potential miR‑433 binding 
site in its 3'‑UTR. To confirm whether miR‑433 directly binds 
to COX2 3'‑UTR, a dual luciferase assay was performed. 
Genomic DNA was extracted using the QIAamp DNA 
Mini kit (Qiagen, Inc., Valencia, CA, USA) according to the 
manufacturer's protocol. The COX2 3'‑UTR sequence (length, 
779 bp) was amplified by PCR from genomic DNA using 
the GoTaq® Long PCR Master Mix (Promega Corporation, 
Madison, WI, USA). The following primers were used: 
COX2 3'UTR, forward 5'‑CCC​TCG​AGT​CAT​TCC​TCT​ACA​
TAA​GCC​AGT​G‑3' and reverse 5'‑ATT​TGC​GGC​CGC​GAG​
TAC​CAG​GCC​AGC​ACA​A‑3'. Thermocycling conditions 
were as follows: Pre‑denaturation at 95˚C for 2 min, followed 
by 30 cycles of denaturation at 95˚C for 30 sec, annealing at 
60˚C for 30 sec and extension at 72˚C for 45 sec, and a final 
extension step at 72˚C for 5 min. COX2 3'‑UTR mutants were 
generated using the Site‑Directed Mutagenesis kit (Yeasen 
Biological Technology Co., Ltd., Shanghai, China), according 
to the manufacturer's protocol. Following amplification, the 
PCR products were digested with XbaI and KpnI restriction 
enzymes (New England BioLabs, Inc., Ipswich, MA, USA) for 
at least 3 h and purified using the QIAquick PCR purification 
kit (Qiagen, Inc.) according to the manufacturer's protocol. 
The purified sequences were then inserted into a psiCHECK‑2 
reporter plasmid (Guangzhou RiboBio Co., Ltd., Guangzhou, 
China). The purified vector and PCR products were ligated 
overnight at 16˚C using T4 DNA ligase (1 µl, 400 U/µl; cat 
no. EL0012; Thermo Fisher Scientific, Inc.), at a ratio of 1:3 
in 2 µl 10X ligation buffer. The mutation in the miR‑433 
binding site of the COX2 3'‑UTR was confirmed by Shanghai 
Shenggong Biology Engineering Technology Service, Ltd., 
Shanghai, China). For the luciferase assay, HEK293T cells 
at a density of 5x104  cells/well were seeded in 24‑well 
plates and transfected with the luciferase reporter plasmid 
(0.4 µg/µl) along with miR‑433 mimics (50 nM) or negative 
control (50 nM) and a Renilla luciferase control reporter 
vector (0.218 µg/µl; pRL‑SV40; Promega Corporation) using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Following 24 h of transfection, luciferase activities 
were measured using a Luciferase Assay kit (Promega 
Corporation) and a GloMax® 96 microplate luminometer 
(Promega Corporation), according to the manufacturer's 
protocol.

Cell viability assay. The Cell Counting kit 8 (CCK8) assay 
was used to determine the viability of the Min‑6 cells in the 
following treatment groups: 5 mmol/l glucose, 11 mmol/l 
glucose, 11 mmol/l glucose and siCOX2, 11 mmol/l glucose 
and mimics, and 11 mmol/l glucose and NC. Briefly, cells 
(3x103 cells/well) were seeded in a 96‑well plate and incubated 
in 10% CCK8 solution (Shanghai 7Sea PharmTech Co. Ltd., 

Shanghai, China) solution for 2 h at 37˚C. Proliferation rates 
were determined at 0, 12, 24, 48, and 72 h post‑treatment. 
The absorbance of each well was measured at 490 nm using 
using a Synergy HTX Multi‑Mode Microplate Reader (BioTek 
Instruments, Inc., Winooski, VT, USA). Each experiment was 
performed in triplicate.

Colony formation assay. Min‑6 cells (2x103  cells) from 
different treatment groups were seeded in a 10‑cm cell culture 
dish and cultured in DMEM (HyClone; GE Healthcare Life 
Sciences) supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.) for 10 days at 37˚C and 5% CO2 until the colonies 
were visible. Min‑6 cells were treated with a low concentration 
of glucose (5 mmol/l group) or a high concentration of glucose 
(11 mmol/l group); high glucose‑treated cells were treated 
with miR‑433 mimic (11 mmol/l + mimics group), COX2 
siRNA (11 mmol/l + siCOX2 group) or NC siRNA (11 mmol/l 
+ siNC group). Following incubation for 24 h, the medium was 
removed and the plates were washed twice in PBS. Colonies 
were fixed in 95% ethanol for 10 min at room temperature, 
air‑dried for 10 min at room temperature and stained with 
0.1% crystal violet solution for 10 min at room temperature. 
Colonies containing >50 cells were directly identified by their 
size and counted. The experiment was performed three times.

Flow cytometric analysis. Min‑6 cells were treated with 
5 mmol/l glucose, 11 mmol/l glucose, 11 mmol/l glucose 
and COX2 siRNA (11 mmol/l + siCOX2 group), 11 mmol/l 
glucose and NC (11  mmol/l + NC group), or 11  mmol/l 
glucose and miR‑433 mimic (11 mmol/l + mimics group) 
for 24 h. Min‑6 cells (1x106  cells/ml) from the different 
treatment groups were used for apoptosis and cell cycle 
analysis with the Dead Cell Apoptosis Kit with Annexin 
V, fluorescein isothiocyanate (FITC) and propidium iodide 
(PI), for flow cytometry (Invitrogen, U.S.A; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Briefly, cells were harvested by trypsinization, resuspended 
in 500  µl binding buffer and stained with 5  µl Annexin 
V‑FITC and 5 µl PI solution for 30 min at room temperature 
in the dark. Samples were immediately analyzed for apop-
tosis using a FACSCalibur flow cytometer (BD Biosciences,  
Franklin Lakes, NJ, USA). For cell cycle analysis, the 
cells were fixed in ice cold 70% (v/v) ethanol overnight, 
resuspended in 500 µl PBS containing 50 mg/ml RNase 
(Sigma‑Aldrich; Merck KGaA ) and incubated at 37˚C for 
30 min. Following staining with 50 mg/ml PI (Sigma‑Aldrich; 
Merck KGaA) at 4˚C in the dark for 30 min, cell cycle distri-
bution was analyzed using a FACSCalibur flow cytometer 
(BD Biosciences). Each sample was analyzed using Flowing 
Software version 2.5.0 (http://flowingsoftware.btk.fi/index.
php?page=1) in triplicate.

Statistical analysis. Data were analyzed using SPSS software, 
version 13.0 (SPSS Inc., Chicago, IL, USA) and expressed 
as the mean  ±  standard  deviation of >3 samples. The  
statistical significance of the differences between groups  
was assessed using one‑way analysis of variance followed 
by a post hoc Bonferroni test for multiple comparisons.  
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

miR‑433 expression is inhibited under high glucose condi‑
tions, and miR‑433 directly targets COX2 in pancreatic 
β cells. As shown in Fig.  1A, Min‑6 cell viability was 
significantly inhibited in high‑glucose condition (11 mmol/l) 
compared with low‑glucose condition (5 mml/l; P<0.001). 
miRNAs, including miR‑433, miR‑199‑5p, miR‑30a and 
miR‑22, have been reported to serve an important role in 
hyperglycemia (29,30). Therefore, the expression levels of 
several miRNAs were examined in Min‑6 cells cultured in 
high‑glucose or low‑glucose. Notably, the expression level 
of miR‑433 was significantly lower in high‑glucose‑induced 
Min‑6 cells, whereas the expression level of miR‑22 was 
significantly higher in high‑glucose‑induced Min‑6 cells 
(P<0.001 and P<0.01, respectively; Fig. 1B). Since the change 
in miR‑433 expression appeared to be the most profound, 
miR‑433 was further investigated. Bioinformatics analysis 
was used to identify potential target genes for miR‑433, which 
indicated that COX2 contained a potential miR‑433 binding 
site in the 3'‑UTR (Fig. 1C). To further confirm whether COX2 
was directly regulated by miR‑433, a wild‑type and a mutated 
version of the COX2 3'‑UTR was cloned and inserted into 
luciferase reporter constructs. Co‑transfection with miR‑433 
mimics significantly reduced luciferase activity in reporter 
constructs containing the wild‑type COX 2 3'‑UTR (P<0.01; 
Fig. 1D), while there was no change in luciferase activity 
following mutation of the potential miR‑433 binding site.

The effects of miR‑433 overexpression on endogenous 
COX2 expression were also examined in Min‑6 cells under 
normal glucose conditions (5 mmol/l); compared with the 
control cells, endogenous COX2 mRNA levels were signifi-
cantly reduced in Min‑6 cells transfected with miR‑433 mimics 
(P<0.001; Fig. 1E). The levels of COX2 mRNA expression 
were significantly increased in high‑glucose‑induced Min‑6 
cells compared with cells in the low‑glucose treatment group 
(P<0.001; Fig. 1F). These results suggested that COX2 was 
overexpressed in Min‑6 cell cultured in high‑glucose condi-
tion and that COX2 may be a target of miR‑433.

miR‑433 stimulates pancreatic β cell proliferation. To 
investigate the potential roles of miR‑433 on Min‑6 cell 
proliferation, Min‑6 cells were first transfected with miR‑433 
mimics. Endogenous COX2 protein expression was reduced 
in Min‑6 cells treated with siCOX2, as determined by 
western blot analysis (Fig. 2A). Results from the CCK‑8 assay 
indicated that both miR‑433 mimics and siCOX2 treatments 
alleviated cell growth inhibition in Min‑6 cells cultured in 
high‑glucose conditions (Fig. 2B; P<0.001). Consistently, the 
colony formation capabilities of Min‑6 cells were inhibited 
in high‑glucose conditions, whereas treatment with either 
miR‑433 mimics or siCOX2 significantly enhanced the 
colony forming ability in Min‑6 cells cultured in high‑glucose 
conditions (Fig. 2C and D; P<0.001). These results suggested 
that the glucose‑induced reduction in Min‑6 cell proliferation 
may be reversed following COX2 inhibition or miR‑433 
overexpression. Therefore, these results suggested that 
miR‑433 overexpression may be able to promote pancreatic 
β cell proliferation in Min‑6 cells grown in a high‑glucose 
environment.

miR‑433 alleviated apoptosis and cell cycle arrest induced 
by high‑glucose. To further uncover the mechanisms under-
lying the improved cell proliferation induced by miR‑433 
in pancreatic β cells treated with high‑glucose, the effects 
of miR‑433 mimics on apoptosis were examined using a 
flow cytometry apoptosis assay. Both miR‑433 mimics and 
siCOX2 treatments caused significant changes in the profiles 
of Annexin V‑FITC/PI‑stained cell populations. The apop-
totic rate of the miR‑433 mimics and siCOX2 groups appears 
to be much lower compared with the NC group (Fig. 3A) 
Statistical analysis further demonstrated that both miR‑433 
mimics and siCOX2 treatments significantly reduced the level 
of high‑glucose‑induced apoptosis in Min‑6 cells (P<0.001; 
Fig. 3B). In addition, flow cytometric analysis was used to 
characterize cell cycle behavior of Min‑6 cells treated with 
siCOX2 or miR‑433 mimics. The distribution of cells in the 
phases of the cell cycle (G0/G1, S and G2/M) varied between 
the different treatment groups (Fig.  4A). Compared with 
the NC group, miR‑433 overexpression and treatment with 
siCOX2 led to a significant increase in the percentage of cells 
in G2/M phase and a reduction in G0/G1 phase cells (P<0.001; 
Fig. 4B). Based on these results, the present study speculated 
that miR‑433 could alleviate high‑glucose‑induced growth 
inhibition in pancreatic β cells through regulating cell cycle 
and apoptosis.

Discussion

The proliferative and regenerative capacity of pancreatic  
β cells is known to be closely associated with the quantity 
of insulin released; there is a feedback loop between insulin 
secretion and the concentration of glucose in the blood (31). 
In this regard, it is important to improve pancreatic β cell 
function and survival under proapoptotic conditions to design 
innovative therapeutics for DM. In the present study, Min‑6 cells 
grown in high‑glucose medium exhibited more suppressive 
effects on β cell viability and proliferation compared with 
cells grown in low‑glucose conditions, which is consistent 
with a previous study (8). In addition, significant increases in 
apoptosis and cell cycle arrest at G2/M phase were noted in  
β cells cultured with high‑glucose compared with those grown 
in low‑glucose media.

To further investigate the mechanisms underlying the 
high‑glucose‑induced β cell growth inhibition, several 
concentrations of glucose in β cells were screened. The 
expression of miR‑433 was revealed to be downregulated in 
high‑glucose‑induced Min‑6 cells, whereas the expression 
of miR‑22 was upregulated. However, further studies are 
required to validate the results regarding miR‑22 expression 
and to investigate its effects in pancreatic β cells.

In the present study, miR‑433 expression was demonstrated 
to be downregulated in high‑glucose treatments and its over-
expression by miRNA‑433 mimics transfection significantly 
promoted cell viability and proliferation in high‑glucose 
conditions by suppressing apoptosis and enhancing cell cycle 
progression. Previous studies have reported that miR‑433 is 
downregulated in various cancer tissues, such as bladder 
cancer and oral squamous cell carcinomas  (32,33), which 
indicated that miR‑433 may have a tumor‑suppressor function 
in carcinomas. Notably, the expression levels of miR‑433 were 
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Figure 1. miR‑433 is associated with cell growth inhibition induced by high glucose, and miR‑433 negatively regulates COX2 expression in Min‑6 pancreatic 
β cells. (A) CCK‑8 assay was used to determine cell viability in Min‑6 cells treated with either a low (5 mmol/l) or a high (11 mmol/l) concentration of glucose 
for 24 h. (B) Expression levels of miR‑433, miR‑199‑5p, miR‑30a and miR‑22 were analyzed by RT‑qPCR in Min‑6 cells treated with either 5 mmol/l or 
11 mmol/l glucose. (C) Bioinformatics prediction of miR‑433 binding site in the 3'‑UTR of COX2 mRNA. (D) HEK293T cells were co‑transfected with a WT 
or a MUT COX 3'‑UTR reporter plasmid along with miR‑433 mimics or NC mimics. Activity was measured by dual luciferase reporter assay and presented 
as relative luciferase activity. (E) COX2 mRNA expression levels were detected by RT‑qPCR in Min‑6 cells cultured in high glucose conditions following 
transfection with miR‑433 mimics. (F) mRNA levels of COX2 were determined by RT‑qPCR in Min‑6 cells treated with 5 mmol/l or 11 mmol/l glucose. Data 
are expressed as the mean ± standard deviation; **P<0.01 and ***P<0.001 vs. low‑glucose treatment or NC. CCK‑8, Cell Counting Kit‑8; COX2, cyclooxygenase 
2; miR, microRNA; miRNA, microRNA; Mmu, Mus musculus; MUT, mutant; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; UTR, 
untranslated region; WT, wild‑type.

Figure 2. Overexpression of miR‑433 increases the proliferation of Min‑6 pancreatic β cells cultured in high‑glucose conditions. (A) COX2 protein expression 
was decreased in Min‑6 cells following transfection with siCOX2. (B) CCK‑8 assay was used to determine the viability of Min‑6 cells in different treatment 
groups. (C) Representative images demonstrating the colony forming ability in Min‑6 cells from the different treatment groups. (D) Quantitation of colonies 
with >50 cells from (C). Data are expressed as the mean ± standard deviation; ***P<0.001 vs. 11 mmol/l + NC. CCK‑8, Cell Counting Kit‑8; COX2, cyclooxy-
genase 2; miR, microRNA; siCOX2, COX2‑directed siRNA; NC, negative control siRNA; siRNA, short interfering RNA.
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revealed to be reduced in renal tissues of pancreatic kininoge-
nase‑treated patients with diabetic nephropathy (34). miR‑433 
may negatively regulate the expression of thymidylate synthase 
in HeLa cells (35), suggesting a role in metabolism regulation, 
thus possibly modulating the glucose metabolism.

Furthermore, the present study identified and validated 
COX2 as a potential target of miR‑433, which suggested 
that miR‑433 may participate in β cell biology by regulating 
COX2 expression. COX2 is an important enzyme involved in 
the production of prostaglandin E2 (PGE2) and arachidonic 
acid (36). PGE2, as a COX2‑generated metabolite, protects  
β cells from apoptosis (37). Results from the present study 
indicated that COX2 was overexpressed in Min‑6 cells 
cultured in high‑glucose compared with cells grown in 
low‑glucose conditions. Knockdown of COX2 by siRNA 

was demonstrated to alleviate the high‑glucose‑induced 
inhibition of cell proliferation by suppressing apoptosis 
and promoting cell cycle progression. According to a 
recent report, COX2 was enhanced by the overexpression 
of p50 following exposure to an inflammatory mediator 
in DM  (38). Moreover, inhibition of COX2 has been 
demonstrated to be a promising antitumor therapy in renal cell  
carcinoma (39).

In summary, the expression level of miR‑433 decreased, 
whereas the level of COX2 mRNA increased in Min‑6 mouse 
pancreatic β cells cultured in high‑glucose medium; results 
from in vitro analyses indicated that miR‑433 may promote 
pancreatic β cell growth by regulating COX2 expression. 
Results from the present study may provide information 
regarding novel therapeutic targets for DM.

Figure 3. Overexpression of miR‑433 inhibits apoptosis in Min‑6 pancreatic β cells induced by high‑glucose. (A) Apoptosis of Min‑6 cells transfected with 
miR‑433 mimics or siCOX2 cells and cultured in 5 mmol/l or 11 mmol/l glucose following Annexin‑V‑FITC/PI staining and flow cytometric analysis. 
(B) Statistical analysis of apoptotic cells in (A) from Min‑6 cells exposed to different treatments. Data are expressed as the mean ± standard deviation; 
***P<0.001. COX2, cyclooxygenase 2; FITC, fluorescein isothiocyanate; miR, microRNA; PI, propidium iodide; siCOX2, COX2‑directed siRNA; NC, negative 
control siRNA; siRNA, short interfering RNA.

Figure 4. Overexpression of miR‑433 alleviates cell cycle arrest in Min‑6 cells induced by high‑glucose. (A) Cell cycle was determined in Min‑6 cells from 
different treatments by flow cytometry. (B) Statistical analysis of the percentages of cells in the G0/G1, S and G2/M cell cycle phases in Min‑6 cells from 
different treatments shown in (A). Data are expressed as the mean ± standard deviation; ***P<0.001. COX2, cyclooxygenase 2; miR, microRNA; PI, propidium 
iodide; siCOX2, COX2‑directed siRNA; NC, negative control siRNA; siRNA, short interfering RNA.
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