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ARTICLE INFO ABSTRACT

Keywords: Diabetes mellitus (DM) is characterized by the elevated blood glucose levels and is regarded as one of the most
Diabetes mellitus threatening diseases worldwide. The dysfunction of pancreatic beta cells is a key contributor for the patho-
miR-149-5p physiology of DM. There is growing evidence showing the role of microRNAs (miRNAs) in the regulation of
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pancreatic beta cell functions. In the present study, we determined the expression of miR-149-5p in pancreatic
beta cells under high-glucose (HG) stimulation and explored the underlying mechanism of miR-149-5p-mediated
functions of pancreatic beta cells. The results showed the down-regulation of miR-149-5p in the pancreatic beta
cell line (MING6 cells) under HG stimulation. Overexpression of miR-149-5p protected against HG-induced cell
apoptosis and impairment of insulin secretion, and attenuated HG-induced an increase in reactive oxygen species
(ROS) production in MING6 cells; while inhibition of miR-149-5p suppressed cell viability, induced cell apoptosis,
inhibited insulin secretion and enhanced ROS production in MING6 cells. Further mechanistic studies revealed
that miR-149-5p targeted the BH3-only protein BIM 3’ untranslated region and suppressed BIM expression in
MING cells. The rescue experimental assays showed that enforced expression of BIM attenuated the miR-149-5p-
mediated effects in HG-stimulated pancreatic beta cells. In conclusion, the present study for the first time elu-
cidated the biological functions of miR-149-5p in regulating pancreatic beta cell functions. The data from the
present study provided evidence showing that miR-149-5p protected against HG-induced pancreatic beta cell
apoptosis partly via suppressing BIM expression. The therapeutic potential of miR-149-5p in the treatment of DM
still requires further detailed investigations.

1. Introduction

Diabetes mellitus (DM) is characterized by the elevated blood glu-
cose levels and is regarded as one of the most threaten diseases
worldwide (Ceriello et al., 2019; Jaacks et al., 2019). Due to the large
population affected by DM, DM has become a serious public health
problem and imposed heavy social burdens (Klatman et al., 2019). Up
to date, various breaking through findings regarding the pathophy-
siology of DM have been revealed, however, the detailed mechanisms of
DM remains under-studied. As far as we know, the dysfunction and loss
of pancreatic beta cells that leads to the insufficient insulin secretion
have been identified as the key factors in the pathogenesis of type 2 DM
(Chen et al., 2017a). Studies have demonstrated that hyperglycemia is
one of main contributors that induce pancreatic beta cell apoptosis and
impair insulin secretion (Boland et al., 2017). In the aspect of clinical

management, maintaining the normal glucose level and homeostasis is
the main therapeutic strategy. The protection and improvement of the
functional pancreatic beta cells have been intensively studied due to the
regulatory role of these cells in maintaining glucose homeostasis (Frank
et al.,, 2018). Unfortunately, the underlying mechanisms of the dys-
functional pancreatic beta cells remain elusive, which require further
scientific investigations.

MicroRNAs (miRNAs) are a class of endogenous small non-coding
RNAs and have ~21 nucleotides in length. MiRNAs exerted their reg-
ulatory actions by binding to the 3’ untranslated regions (3’'UTRs) or the
coding regions of mRNAs, which induce the degradation of the targeted
mRNAs (Hashimoto and Tanaka, 2017). MiRNAs have been found to
play important roles in various diseases such as cancer, neurodegen-
erative diseases, cardiovascular diseases and DM (Paul et al., 2018).
The involvement of the miRNAs in the pathophysiology of DM has been
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demonstrated in a line of studies. For examples, miR-204 was found to
control the glucagon-like peptide 1 receptor expression, which affects
the insulin secretion of pancreatic beta cells (Jo et al., 2018). Song
et al., showed that circulating miR-375 served as a biomarker of pan-
creatic beta cell death, and exerted protective effects on the beta cell
mass (Song et al., 2017). Wang et al., found that miR-92a exerted
protective actions in the pancreatic beta cells by targeting Kruppel-like
factor 2 in DM (Wang et al., 2018). Recently, miR-149-5p were down-
regulated by cytokines in type 1 DM (Grieco et al., 2017). Furthermore,
miR-149-5p was also found to attenuate the hyperglycemia-induced
expression of tumor necrosis factor-alpha and endoplasmic reticulum
stress markers (Yuan et al., 2017). However, the role of miR-149-5p in
regulating the functions of pancreatic beta cells remains unknown.

Based on the evidence from previous studies, we speculated that
miR-149-5p could regulate the function of pancreatic beta cells. In this
study, we determined the expression of miR-149-5p in pancreatic beta
cells under high glucose (HG) conditions and explored the underlying
mechanism of miR-149-5p-mediated functions of pancreatic beta cells.
The present study aimed to advance our knowledge into understanding
the role of miR-149-5p in pancreatic beta cell functions.

2. Materials and methods
2.1. Cell culture and high glucose stimulation

The pancreatic beta cell line (MIN6 cells) were purchased from
ATCC (CRL-11506, Manassas, USA). The MING6 cells were cultured in
the Dulbecco's Modified Eagle's Medium (DMEM with 5.5 mM glucose;
#D6064, Sigma, St. Louis, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco, Waltham, USA). The MING6 cells were maintained in
a humidified incubator with 5% CO, at 37 °C. For the high glucose
stimulation, the MIN6 cells were incubated in the full medium con-
taining 25 mM glucose (final concentration in the medium) for the in-
dicated time durations.

2.2. MiRNAs, plasmids and cell transfections

The miRNA oligonucleotides including miR-149-5p mimics (5-
UCUGGCUCCGUGUCUUCACUCCC-3’), miR-149-5p inhibitors (5’-
GGGAGUGAAGACACGGAGCCAGA-3’) and their respective scrambled
negative controls (NC): mimics NC (5-UUCUCCGAACGUGUCACG
UTT-3’) or inhibitors NC (5’-CAGUACUUUUGUGUAGUACAA-3’) were
all obtained from Ribobio (Guangzhou, China). The plasmid constructs
that overexpress BH3-only protein BIM was generated by cloning the
BIM into the pcDNA3.1 vector, and pcDNA3.1 was used as the corre-
sponding NC (GenePharma, Shanghai, China). The effective cell trans-
fections with miRNAs or plasmids were performed by Lipofectamine
3000 reagent (Thermo Fisher Scientific, Waltham, USA) according to
the manufacturer's instructions, and the transfected cells were collected
for further assays at 24 h after transfection.

2.3. Quantitative real-time PCR (qRT-PCR)

Total RNA from treated MING6 cells was extracted using a RNeasy
RNA Mini Kit (QIAGEN, Hilden, Germany). RNA samples were reverse
transcribed using the miScript Reverse Transcriptase Kit (Takara,
Dalian, China), and the qRT-PCR analysis was performed in an ABI7900
Real-time PCR System (Applied Biosystems, Foster City, USA) using
SYRB Green Master Mix kit (Takara). U6 was used as the internal
control for miR-149-5p expression, and glyceraldehyde-3-phosphate
dehydrogenase was used as internal control for BIM mRNA expression.
The relative expression of detected genes was calculated using 244Ct
formula. The primers for real-time PCR were shown in supplemental
Table S1.
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2.4. Apoptosis assay

The cell apoptotic rates of treated MING6 cells were detected using
the Annexin V/ propidium iodide (PI) Apoptosis Detection kit (Thermo
Fisher Scientific, Waltham, USA). Briefly, the treated MING6 cells were
harvested followed by incubated with annexin V (25 ng/ml) and 10 mg/
ml PI for 15min in the dark environment at room temperature. After
incubation, the apoptotic rates of the stained cells were measured using
flow cytometry (BD Biosciences, San Jose, USA).

2.5. Insulin secretion assay

The secreted insulin levels in the medium from the treated MIN6
cells were detected using a commercial Insulin ELISA kit (Thermo
Fisher Scientific). Briefly, the medium of treated MING6 cells was col-
lected for insulin measurement. To determine total insulin content,
MING cells were subjected to sonication in acid methanol (2% H,SO,)
followed by centrifugation at 12000g for 10 min at 4°C. After cen-
trifugation, the supernatant was collected for the measurement of in-
sulin levels. The insulin levels were determined using the Insulin ELISA
kit (Thermo Fisher Scientific) according to the manufacturer's protocol.
The secreted insulin level in the medium was normalized by the level of
total insulin content.

2.6. Reactive oxygen species (ROS) production

For the ROS production, the treated MING6 cells were plated on a 6-
well plate and were further cultured for 24 h. After that, the MING6 cells
were incubated with 10 uM DCFH-DA (Cell Biolabs, Inc., San Diego,
USA) for 30 min at 37 °C. The intracellular ROS production was assessed
by measuring the fluorescent signaling under a fluorescence microscopy
(Olympus, Tokyo, Japan). The intensity of the fluorescent signals was
analyzed using Image J software (https://imagej.nih.gov/ij/).

2.7. Caspase-3 activity

The caspase-3 activity of the treated MING6 cells was measured using
a commercial caspase-3 activity assay kit (Roche, Basel, Switzerland)
according to the manufacturer's instructions (Lin et al., 2014).

2.8. Cell counting kit-8 (CCK-8) assay

Cell viability of treated MIN6 cells was examined by the CCK-8
assay kit (Beyotime, Beijing, China). Briefly, treated MIN6 cells were
plated onto a 96-well plate, after 48 h further culture, the MING6 cells
were subjected to incubate with CCK-8 solution for 1h at 37 °C. After
incubation, the MING6 cell viability was determined by measuring the
optical density at a wavelength of 450 nm on a microplate reader (Bio-
Tek, Winooski, USA).

2.9. Protein extraction and western blot assay

The treated MING6 cells were collected following by washing with
ice-cold phosphate-buffered saline twice, and the MING6 cells were lysed
by incubating with the ice-cold RIPA buffer with protease inhibitors
(Sigma) for 15 min. The cell lysates were centrifuged at 12000 g for
10 min at 4 °C and supernatant was collected as protein samples. Equal
amounts of the proteins were solved on a 10% SDS-PAGE and were then
transferred to the polyvinylidene fluoride membranes (Sigma). The
membranes were then blocked with 5% non-fat milk for 1h at room
temperature and subsequently incubated with the corresponding pri-
mary antibodies for pro- and cleaved caspase-3 (1:1000, #9662, Cell
Signaling Technology, Danvers, USA), pro- and cleaved caspase-9
(1:1000, #9508, Cell Signaling Technology), BIM (1:1000, #2819, Cell
Signaling Technology) and p-actin (1:1000, #4967, Cell Signaling
Technology) overnight at 4°C. After washing, the membranes were
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again incubated with corresponding secondary antibodies with horse-
radish peroxidase conjugated (Cell Signal Technology). The protein
blots were detected using the enhanced chemiluminescence kit
(Thermo Fisher Scientific) by following the manufacturer's instructions.

2.10. Luciferase reporter assay

The luciferase reporter was used to determine interaction between
miR-149-5p and BIM 3’UTR. Briefly, the fragment of the wild-type (WT)
BIM 3’UTR containing the putative miR-149-5p binding site or the
corresponding mutant (MUT) BIM 3’UTR was amplified and subcloned
into the pmirGLO luciferase reporter vector (Promega, Madison, USA).
For the detection of luciferase activity, MING6 cells were co-transfected
with different miRNAs (mimics NC, miR-149-5p mimics, inhibitors NC
or miR-149-5p inhibitors) and luciferase reporter vectors (pmirGLO-
BIM 3’UTR-WTor pmirGLO-BIM 3’UTR-mutant), and at 48 h after co-
transfection, the luciferase activity was assessed using a Dual-Luciferase
Reporter Assay kit (Promega) according to the manufacturer's instruc-
tions.

2.11. Statistical analyses

All the in vitro assays were performed independently for 3 times,
and the data were presented as mean * standard deviation. The sta-
tistical analyses were performed using GraphPad Prism 5.0 (GraphPad
Software Lin., La Jolla, USA). The statistical significance for comparing
data between two groups was analyzed by Student's t-test; the statistical
significance for comparing data among multiple groups was analyzed
by one-way analysis of variance followed by Bonferroni's post-hoc test.
P < .05 was considered statistically significant.

3. Results

3.1. Effects of HG treatment on cell viability, caspase-3 activity and miR-
149-5p expression in MING cells

Firstly, we tested the effects of HG treatment for different periods on
cell viability and caspase-3 activity, and the CCK-8 assay and caspase-3
activity assay results showed that HG treatment for 6, 12 and 24h
suppressed cell viability and increased caspase-3 activity in MING6 cells,
and the effects were in a time-dependent manner (Fig. 1A and B).
Furthermore, HG stimulation also time-dependently induced the down-
regulation of miR-149-5p in MING6 cells (Fig. 1C). HG stimulation for
24 h exerted the maximal effects and 24 h treatment duration was se-
lected in the subsequent studies.

3.2. Effects of miR-149-5p overexpression on cell viability, cell apoptosis,
insulin secretion and ROS production in HG-stimulated MING6 cells

As miR-149-5p was down-regulated in the HG-stimulated MING6
cells, we are interested in seeing if restoring or overexpressing miR-149-
5p could prevent against the HG-mediated effects in MIN6 cells. The
overexpression of miR-149-5p was observed in MIN6 cells with miR-
149-5p mimics transfection (Fig. 2A). As expected, HG stimulation for
24 h suppressed cell viability and increased caspase-3 activity, and the
effects were significantly attenuated by the presence of miR-149-5p
mimics (Fig. 2B and C). The flow cytometry results showed that HG
treatment for 24 h significantly increased the cell apoptotic rates, and
overexpression of miR-149-5p inhibited the cell apoptosis induced by
HG stimulation in MING6 cells (Fig. 2D). Moreover, by examining the
apoptosis-related proteins, we found that HG-stimulation increased the
protein levels of cleaved capase-3, and — 9, and decreased the protein
level of pro-caspase-3 and -9 in MING6 cells, and this action was pre-
vented by miR-149-5p overexpression (Fig. 2E). The insulin secretion
was determined by ELISA assay, and HG stimulation suppressed the
insulin secretion of MIN6 cells, and miR-149-5p mimics transfection
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Fig. 1. Effects of HG treatment on cell viability, caspase-3 activity and miR-
149-5p expression in MING cells. A: Cell viability was evaluated by CCK-8 assay
in MING cells after exposure to HG for 6, 12 and 24 h, respectively. B: Capase-3
activity in MING6 cells after exposure to HG for 6, 12 and 24 h, respectively. C:
MiR-149-5p expression (relative to U6) as determined by qRT-PCR in MIN6
cells after exposure to HG for 6, 12 and 24 h, respectively. N = 3; significant
differences compared to control group were presented as *P < .05, **P < .01
and ***P < .001.
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Fig. 2. Effects of miR-149-5p overexpression cell viability, cell apoptosis, insulin secretion and ROS production in HG-stimulated MING6 cells. A: MiR-149-5p ex-
pression (relative to U6) as determined by qRT-PCR in MING cells transfected with miR-149-5p mimics or mimics NC. B-E: Effects of miR-149-5p overexpression on
cell viability, caspase-3 activity, cell apoptosis and protein levels of apoptosis-related factors in HG-stimulated MING6 cells as determined by CCK-8 assay, caspase-3
activity assay, flow cytometry and western blot assay, respectively. F: Effects of miR-149-5p overexpression on insulin secretion as determined by ELISA assay in HG-
stimulated MING6 cells. G: Effects of miR-149-5p overexpression on ROS production in HG-stimulated MING6 cells. N = 3; significant differences among different

treatment groups were presented as *P < .05, **P < .01 and ***P < .001.

increased the insulin secretion in the HG-stimulated MIN6 -cells
(Fig. 2F). In addition, HG-stimulation also exhibited an enhanced effect
on the ROS production in the MING6 cells, and the HG-induced increase
in ROS production was reduced by the overexpression of miR-149-5p
(Fig. 2G).

3.3. Effects of miR-149-5p inhibition on cell viability, cell apoptosis, insulin
secretion and ROS production in MING6 cells

The inhibition of miR-149-5p was observed in MING6 cells with miR-
149-5p inhibitors transfection when compared to inhibitors NC group
(Fig. 3A). The CCK-8, caspase-3 activity and flow cytometry assays
showed that inhibition of miR-149-5p suppressed cell viability, in-
creased caspase-3 activity and induced cell apoptosis in MIN6 cells
(Fig. 3B-D). In addition, miR-149-5p knockdown significantly in-
creased the proteins levels of cleaved caspase-3 and -9, but decreased
the protein levels of pro-caspase-3 and -9 (Fig. 3E). MiR-149-5p
knockdown also significantly suppressed the insulin secretion and
caused an increase in the ROS production of MING6 cells (Fig. 3F and G).

3.4. MiR-149-5p suppressed targeted BIM 3’UTR and suppressed BIM
expression

To find out the downstream targets of miR-149-5p, we performed
the bioinformatics prediction using TargetScan tool. Among the pre-
dicted targets, BIM was selected for further detailed examination be-
cause of its role in regulating cell viability and cell apoptosis. As shown
in Fig. 4A, the miR-149-5p formed the imperfect bindings with the BIM
3’UTR (position 475-481, conserved), and the WT and MUT fragments
of BIM 3’UTR was cloned into the pmirGLO vector. As shown in Fig. 4B,
overexpression of miR-149-5p exerted inhibitory effects on the luci-
ferase activity of WT reporter vector, while knockdown of miR-149-5p
increased the luciferase activity. However, miR-149-5p had no effects
on the luciferase activity when the reporter vectors containing the MUT
BIM 3'UTR (Fig. 4C). The qRT-PCR and western blot assays further
showed that miR-149-5p overexpression down-regulated BIM expres-
sion in MIN6 cells; while miR-149-5p knockdown up-regulated BIM
expression in MING6 cells (Fig. 4D and E). As expected, HG stimulation
for 24 h caused an increase in the BIM expression; and the presence of
miR-149-5p mimics attenuated the enhanced effects of HG-stimulation
on BIM expression in MING6 cells (Fig. 4F and G).

3.5. Overexpression of BIM attenuated the effects of miR-149-5p
overexpression on cell viability, cell apoptosis, insulin secretion and ROS
production in HG-stimulated MING6 cells

To further confirm the involvement of BIM in the miR-149-5p-
mediated effects in the MIN6 cells, we performed the rescue experi-
ments by enforced expression of BIM, and the enforced upregulation of
BIM was achieved via transfecting MIN6 cells with pcDNA3.1-BIM
(Fig. 5A and B). Overexpression of BIM markedly suppressed cell via-
bility and increased caspase-3 activity in MIN6 cells under normal
glucose and HG conditions (see Supplemental Fig. S1). In terms of cell
viability, caspapse-3 activity and cell apoptosis, enforced expression of
BIM attenuated the enhanced effects of miR-149-5p overexpression on
cell viability, and reversed the inhibitory effects of miR-149-5p over-
expression on caspase-3 activity as well as cell apoptosis (Fig. 5C-E),
moreover, prevented the miR-149-5p-induced changes in the

expression level of apoptosis-related proteins in the MIN6 under the
condition of HG stimulation (Fig. 5F). In terms of insulin secretion and
ROS production, miR-149-5p consistently increased insulin secretion
and suppressed ROS production in HG-stimulated MIN6 cells, and the
effects were attenuated by enforced BIM expression in HG-stimulated
MING cells (Fig. 5G and H).

4. Discussion

The dysfunction of pancreatic beta cells is a key contributor for the
pathophysiology of DM, and understanding the molecular mechanisms
underlying the dysfunction of pancreatic beta cells would be helpful us
to identify novel therapeutic targets for a better treatment of DM.
Recently, many miRNAs have been identified for their involvement in
the pancreatic beta cell functions. In the present study, we confirmed
the down-regulation of miR-149-5p in the MING6 cells under HG sti-
mulation. Overexpression of miR-149-5p protected against HG-induced
cell death and impairment of insulin secretion and attenuated the HG-
induced increase in ROS production in MING6 cells; while inhibition of
miR-149-5p suppressed cell viability, increased cell apoptosis, sup-
pressed insulin secretion and enhanced ROS production in MING6 cells.
Further mechanistic studies revealed that miR-149-5p targeted the BIM
3’UTR and suppressed the expression of BIM in MING6 cells. The rescue
experimental assays showed enforce expression of BIM attenuated the
miR-149-5p-mediated effects in HG-stimulated pancreatic beta cells.
Collectively, our data for the first time demonstrated the role of miR-
149-5p in regulating pancreatic beta cell apoptosis via targeting BIM.

So far, the role of miR-149-5p has been investigated in various
studies. In most cancer studies, miR-149-5p was demonstrated to play
as a tumor suppressor in various types of cancers including hepatocel-
lular carcinoma (Ji et al., 2019), non-small cell lung cancer (Li et al.,
2018), osteosarcoma (Xu et al., 2018), nasopharyngeal carcinoma
(Kong et al., 2018) and melanoma (Chen et al., 2017b); while studies
from Tian et al., suggested the oncogenic role and anti-apoptotic effects
of miR-149-5p in acute myeloid leukemia (Tian and Yan, 2016). The
discrepancy may be due to the different types of cancer cells. In car-
diovascular disease, miR-149-5p could promote efferocytosis in ad-
vanced atherosclerosis (Ye et al., 2019). The dysregulation of miR-149-
5p was identified in the insulin resistance mice (Zhao et al., 2019). MiR-
149-5p was found to be down-regulated by cytokines and has been
implicated for its role in attenuating beta cell apoptosis (Grieco et al.,
2017). Evidence from studies using endothelial cells showed that miR-
149-5p was also found to attenuate the hyperglycemia-induced ex-
pression of tumor necrosis factor-alpha and endoplasmic reticulum
stress markers (Yuan et al., 2017). In our study, we further identified
the up-regulation of miR-149-5p in pancreatic beta cells upon HG sti-
mulation, and overexpression of miR-149-5p protected HG-induced
dysfunctions of pancreatic beta cells; while inhibition of miR-149-5p
induced pancreatic beta cell dysfunctions including suppressed cell
viability, increased cell apoptosis and ROS production as well as im-
paired insulin secretion. These data suggest that miR-149-5p played a
protective role in the functions of pancreatic beta cells.

The downstream targets of miR-149-5p were further predicted using
the online TargetScan tool, and BIM was selected for further in-
vestigations. The interactions between miR-149-5p and BIM were fur-
ther confirmed by luciferase reporter assay, and qRT-PCR and western
blot assay also showed that miR-149-5p negatively regulated BIM ex-
pression in MING cells. BIM is a novel member of the Bcl-2 family and is
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Fig. 3. Effects of miR-149-5p inhibition on cell viability, cell apoptosis, insulin secretion and ROS production in MIN6 cells. A: MiR-149-5p expression (relative to U6)
as determined by qRT-PCR in MING cells transfected with miR-149-5p inhibitors or inhibitors NC. B-D: Effects of miR-149-5p inhibition on cell viability, increased
caspase-3 activity and induced cell apoptosis in MING6 cells as determined by CCK-8, caspase-3 activity assay, and flow cytometry respectively. E: Effects of miR-149-
5p on the protein expression levels of pro- and cleaved caspase-3, and pro- and cleaved caspase-9 in MING6 cells. F: Effects of miR-149-5p knockdown on insulin
secretion in MING cells as determined by ELISA assay. G: Effects of miR-149-5p knockdown on increased the ROS production in MIN6 cells. N = 3; significant
differences among different treatment groups were presented as *P < .05, **P < .01 and ***P < .001.

regulated in pancreatic beta cells under the HG stimulation, and this
effect could be reversed by miR-149-5p overexpression. More im-
portantly, the rescue experiments further showed that enforced ex-
pression of BIM impaired the protective effects of miR-149-5p on HG-

an important pro-apoptotic factor that initiates the apoptotic processes
(O'Connor et al., 1998). Studies by McKenzie et al., showed that pan-
creatic islet cell apoptosis induced by glucose was mediated via BIM
(McKenzie et al., 2010). BIM was induced by pro-inflammatory cyto-

kines, which contributed to the beta cell death and the mitochondrial
generation of ROS (Mehmeti et al., 2011). Recently, Tennant et al., also
showed that inhibition of Myt3 could sensitize islet cells to HG-induced
cell death via upregulation of BIM (Tennant et al., 2016). On the other
hand, BIM could be targeted by different miRNAs such as miR-92a (Oda
et al., 2018), miR-19b (Baumgartner et al., 2018), miR-24 (Feng et al.,
2017) and so on, and the suppression of BIM by these miRNAs con-
tributed to the anti-apoptotic effects in different types of cells. In
agreement of previous studies, our data showed that BIM was up-

stimulated pancreatic beta cells. Collectively, these data may imply that
miR-149-5p exerted its protective effects on HG-stimulated pancreatic
beta cells likely via targeting BIM.

5. Conclusions

In conclusion, the present study for the first time elucidated the
biological functions of miR-149-5p in regulating pancreatic beta cell
functions. The data from the present study provided evidence showing
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determined by luciferase reporter assay in MING6 cells after being co-transfected with different miRNAs and WT/MUT luciferase reporter vectors. D-E: The expression
levels of BIM mRNA (relative to GAPDH) and protein as determined by qRT-PCR and western blot, respectively, were assessed in MING6 cells after being transfected
with different miRNAs. F-G: Effects of miR-149-5p overexpression on the expression of BIM in HG-stimulated MIN6 cells. N = 3; significant differences among
different treatment groups were presented as **P < .01 and ***P < .001.
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Fig. 5. Effects of BIM overexpression on cell viability, cell apoptosis, insulin secretion and ROS production in HG-stimulated MIN6 cells with miR-149-5p over-
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pcDNA3.1. C-E: Effects of BIM overexpression on cell viability, caspase-3 activity an
Effects of BIM overexpression on the protein expression levels of pro- and cleaved c
149-5p overexpression. G: Effects of BIM overexpression on insulin secretion in

was determined in MING6 cells after being transfected with pcDNA3.1-BIM or
d cell apoptosis in HG-stimulated MING6 cells with miR-149-5p overexpression. F:
aspase-3, and pro- and cleaved caspase-9 in HG-stimulated MIN6 cells with miR-
HG-stimulated cells with miR-149-5p overexpression. H: Effects of BIM over-

expression on the ROS production in HG-stimulated cells with miR-149-5p overexpression. N = 3; significant differences among different treatment groups were

presented as *P < .05, **P < .01 and ***P < .001.

that miR-149-5p protected against HG-induced pancreatic beta cell
apoptosis partly via suppressing BIM expression. The therapeutic po-
tential of miR-149-5p in the treatment of DM still requires further de-
tailed investigations.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.yexmp.2019.104279.
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