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MicroRNA-182-5p contributes to the protective effects of
thrombospondin 1 against lipotoxicity in INS-1 cells
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Abstract. The dysfunction of beta cells serves an important
role in the pathogenesis of type 2 diabetes mellitus (T2DM). An
improved understanding of the molecular mechanisms under-
lying beta cell mass and failure will be useful for identifying
novel approaches toward preventing and treating this disease.
Recent studies have indicated that free fatty acids (FFAs) can
cause beta cell dysfunction. In the present study, palmitate
(Pal) was used as a FFA and its functions on cell viability and
apoptosis were detected. MTT assay and flow cytometry were
used and the results revealed that incubation of INS-1 cells
with Pal significantly decreased cell viability and increased
cell apoptosis. However, a co-incubation with thrombospondin
1 (THBS-1) protected the cells against Pal-induced toxicity.
Numerous studies have demonstrated that microRNAs (miRs)
are involved in fatty acid-induced beta cell dysfunction.
Various studies have reported that miR-182-5p is associated
with a number of diseases, including cancer, heart disease, and
leukemia. However, to the best of our knowledge miR-182-5p
has never been reported to be associated with diabetes. In the
present study, miR-182-5p, which is predicted to target the
3'-untranslated region (UTR) of THBS-1, was detected using
reverse transcription-quantitative polymerase chain reaction
in INS-1 cells in response to Pal. miR-182-5p was significantly
increased in Pal-treated cells compared with the control cells.
Furthermore, miR-182-5p mimics significantly decreased cell
viability and increased Pal-induced apoptosis in INS-1 cells.
However, cell viability was increased and Pal-induced apop-
tosis was decreased in cells that were treated with miR-182-5p
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inhibitors. The present findings also revealed that overex-
pression of THBS-1 counteracted the effect of miR-182-5p
on cell viability and apoptosis. These results suggested that
miR-182-5p is involved in the mechanism of THBS 1 on the
modulation of beta cell survival.

Introduction

Diabetes is one of the most important non-communicable
diseases worldwide (1). According to the International Diabetes
Federation statistics, the number of patients with diabetes
worldwide in 2011 reached 370 million, and this number will
be nearly 550 million by 2030. T2DM is a progressive disease
caused by insulin resistance and/or beta cell dysfunction,
which results in relative insulin deficiency. The reduction in
beta cell mass and beta cell dysfunction contribute toward the
pathological process (2). A previous study has suggested that
beta cell dysfunction in patients with clinical manifestations
of T2DM may have begun 15 years previously (2). Increased
levels of circulating free fatty acids (FFAs) have been indi-
cated to cause defective beta cell proliferation and increased
beta cell apoptosis. Therefore, lipotoxicity has an important
role in the pathogenesis of T2DM (3).

THBS-1 is an extracellular matrix-bound factor and was
reported as the first naturally occurring inhibitor of angiogen-
esis (4). It was also revealed to be involved in other processes,
including regulation of extracellular matrix function, blood
clot formation and the immune response (5-7). Recently, accu-
mulating research has suggested that THBS-1 is associated
with T2DM and beta cell function (8-10).

MicroRNAs (miRs) are 19 to 22-nucleotide noncoding
RNAs that can regulate cell survival, cell function, apop-
tosis and differentiation by suppressing the transcription of
mRNA (11-13). Currently, extensive research has suggested
that miRs are involved in fatty acid-induced beta cell dysfunc-
tion (14-16). miR-182-5p, which has been predicted to target
THBS-1, has been confirmed to participate in the progression
of various diseases, including cancer (17), ischemia-reperfu-
sion injury (18) and leukemia (19). However, to the best of our
knowledge miR-182-5p has not been reported to be associated
with T2DM or beta cell function.

The present study aimed to identify whether palmitate
(Pal) impacted the viability and apoptosis of INS-1 cells.
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Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) was performed to assess the THBS-1 mRNA
expression levels in Pal-treated cells compared with the control
cells. Subsequent MTT and flow cytometry assays were
also performed. The present study provided an insight into
whether miR-182-5p may participate in the protective effects
of THBS-1 against lipotoxicity in INS-1 cells, and whether it
may be a novel biomarker for the diagnosis and treatment of
T2DM.

Materials and methods

Cell culture. Rat INS-1 cells (Shanghai Fushan Industrial Co.,
Ltd, Shanghai, China) were cultured in RPMI 1640 medium
(Gibco, Thermo Fisher Scientific, Inc., Waltham, MA, USA),
containing 11 mmol/l glucose, 10% fetal bovine serum
(Gibco, Thermo Fisher Scientific, Inc.), 1 mmol/l sodium
pyruvate, 2 mmol/l glutamine, 10 mmol/l HEPES, 55 ymol/l
beta-mercaptoethanol, 100 IU/ml penicillin and 100 pg/ml
streptomycin at 37°C containing 5% CO,.

Vector constructions and miR transfection. The coding
sequence of THBS-1 was cloned into a pcDNA3 vector,
prior to the construction of the THBS-1 expression plasmid,
pcDNA3-THBS-1. The enhanced green fluorescent (EGFP)
coding region from the pEGFP-N2 vector was cloned into
pcDNA3 to form pcDNA3-EGFP, and the wild-type or
mutant-type THBS-1 3'-UTR was amplified and cloned into
the pcDNA3-EGFP vector. A total of 20 yM miR-182-5p
mimics, inhibitors and the corresponding control (miR-NC)
(Shanghai GenePharma Co., Ltd., Shanghai, China) were
transfected into INS-1 cells using Lipofectamine 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. The sequences used were as
follows: miR-182-5p, 5'-UUUGGCAAUGGUAGAACUCAC
ACCG-3'; miR-182-5p inhibitor, 5'-CGGUGUGAGUUCUAC
CAUUGCCAAA-3'"; and miR-NC, 5'-UUGUACUACACA
AAAGUAGUC-3'. Following 24 h of transfection, the subse-
quent experiments were carried out.

FFA treatment. Pal (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany), which was used as the FFA, was dissolved
into 0.01 mol/l NaOH to a concentration of 100 mmol/I.
Subsequently, the solution was diluted in RPMI-1640 medium
and mixed with 0.5% FFA-free bovine serum albumin (Gibco;
Thermo Fisher Scientific, Inc.) for 30 min at 55°C. INS-1
cells were cultured and exposed at 37°C to Pal (0.25, 0.5, and
1.0 mol/1) for 8, 24 or 48 h. The control cells were treated with
equivalent concentrations of NaOH.

MTT assay. INS-1 cells were transfected with plasmids,
miR-182-5p mimics or inhibitors. A total of 8x10* cells were
placed into 96-well culture plates for 24 h at 37°C. Cells
were incubated with different concentrations of Pal (0.25, 0.5
and 1.0 mmol/l) for a further 24 h. A total of 10 ul of MTT
(5 mg/ml; Sigma-Aldrich; Merck KGaA) was added into
the wells and the cells were incubated for 4 h at 37°C. The
culture plate was centrifuged at 225 x g for 5 min at room
temperature and the supernatant was removed. Following this,
150 p1 dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was
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added to the medium of each well and the plate was placed on
a shaker in the dark for 20 min at room temperature. Finally,
the absorbance value of each well at the wavelength of 570 nm
(A570) was measured.

Apoptosis assay. An annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide (PI) apoptosis detection kit (BD
Biosciences Medical Devices Shanghai Co., Ltd., Shanghai,
China) was used to detect INS-1 cell apoptosis. Cells were
collected following centrifugation at room temperature for
10 min at 225 x g, washed with phosphate buffered saline and
resuspended in binding buffer (300 pl). A total of 5 ul annexin
V-FITC solution was added, followed by incubation at room
temperature for 15 min in the dark. Finally, 5 ul PI was added
to the cell suspension. A flow cytometer (BD Bioscience,
Shanghai, China) was used to analyze cell apoptosis. Among
the analyzed cells, FITC/PI cells represented healthy living
cells, FITC*/PI" cells indicated early apoptotic cells and
FITC*/PI* cells represented necrosis and late apoptotic cells.

RT-qPCR analysis. TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc) and the mirVana miRNA Isolation Kit
(Ambion; Thermo Fisher Scientific.) were used to extract total
RNA and miRs. The oligo-dT or stem-loop reverse transcrip-
tase primers were used to obtain cDNA. PCR was performed
using the SYBR Premix Ex Taq (Takara Biotechnology Co.,
Ltd., Dalian, China) to detect the expression levels of THBS-1
mRNA and miR-182-5p. (3-actin and U6 were used as the
corresponding controls. The primer sequences used in the
present study are indicated in Table I. The reaction conditions
used were as follows: 94°C for 5 min, followed by 40 cycles of
94°C for 1 min, 56°C for 1 min and 72°C for 1 min. The relative
expression levels were calculated using the 224 method (20).

Western blot analysis. Cells were transfected with miR-182-5p
mimics or inhibitors. Protein concentration was determined by
bicinchoninic acid assay. Cell protein samples were obtained
using radioimmunoprecipitation assay lysis buffer (Beijing
BLKW Biotechnology Co., Ltd, Beijing, China), separated
by 8% SDS-PAGE (20 pg/lane) and transferred to nitrocel-
lulose membranes. Following this, samples were blocked with
5% skimmed milk for 2 h at room temperature. Membranes
were incubated with anti-THBS-1 antibody (ab88529; 1:200;
Abcam, Cambridge, MA, USA) and anti-GAPDH antibody
(ab8245; 1:500; Abcam) overnight at 4°C. Subsequently, the
horseradish peroxidase-conjugated corresponding immuno-
globulin G (ab7090; 1:1,000; Abcam) was added for incubation
at room temperature for 2 h. The protein expression level was
assessed using an enhanced chemiluminescence regent (Santa
Cruz Biotechnology, Inc., Dallas, TX, USA). GAPDH was
used as the corresponding control. The relative protein expres-
sion levels were determined relative to GAPDH.

miR target prediction. The possible miRs that can target
THBS-1 were predicted using miRanda (http://microrna.
sanger.ac.uk/), TargetScan (genes.mit.edu/targetscan) and
PicTar (http://pictar.mdc-berlin.de).

EGFP reporter assay. INS-1 cells were transfected with
miR-182-5p mimics, miR-182-5p inhibitor and reporter vectors
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Table I. Primer sequences used in reverse transcription-quantitative polymerase chain reaction.

Name

Primer sequence

miR-182-5p RT primer
U6 RT primer

miR-182-5p forward
U6 forward

Reverse

THBS1 forward
THBSI reverse
[-actin forward
[-actin reverse

5'-GTCGTATCCAGTGCAGGGTCCGAGGTGCACT
GGATACGACAAGTGTG-3'
5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACAAAATATGGAAC-3'
5'-TCGGGTTTGGCAATGGTAGAAC-3'
5-TGCGGGTGCTCGCTTCGGCAGC-3'
5'-CCAGTGCAGGGTCCGAGGT-3'
5S-TTTGCTGCGTTTGTGGAA-3'
5'-GAGGAGGTATCTGTAATGC-3'
5'-CGTGACATTAAGGAGAAGCTG-3'
5'-CTAGAAGCATTTGCGGTGGAC-3'

bearing either THBS 1 3'UTR wild-type or THBS 1 3'UTR
mutant-type. An F-4500 fluorescence spectrophotometer
(Hitachi, Ltd., Tokyo, Japan) was used to detect the intensi-
ties of fluorescence. Red fluorescent protein (RFP) expression
vector was used as a reporter control. Relative EGFP fluo-
rescence intensity was normalized to the RFP fluorescence
intensity.

Statistical analysis. Data were analyzed using GraphPad
Prism 6.0 statistical software (GraphPad Software, Inc., La
Jolla, CA, USA) and were presented as the mean + standard
deviation. A two-tailed Student's t-test was performed to
compare differences between two groups. One-way analysis
of variance followed by Tukey's post hoc test was used to
compare differences between groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

FFA induces cell toxicity in INS-1 cells. To determine the
effect of FFA on cell viability and apoptosis, Pal was selected
as the FFA. INS-1 cells were cultured and incubated with
different concentrations of Pal. The subsequent MTT assay
revealed that Pal increased INS-1 cell viability following 8 h
of incubation and significantly decreased cell viability at 24 or
48 h of incubation. These effects occurred in a dose-dependent
manner (Fig. 1A). Results of flow cytometry suggested that
incubations for 24 or 48 h with Pal (0.5 mmol/I) increased the
cell apoptosis rate by 2.8- or 3.2- fold, respectively (Fig. 1B).
These results suggested that Pal can induce cell toxicity in
INS-1 cells.

THBS-1 protects INS-1 cells from Pal-induced cell toxicity. It
has previously been indicated that THBS-1 is associated with
beta cell function and T2DM (8). To further explore whether
THBS-1 is involved in the lipotoxicity of INS-1 cells, the
THBS-1 expression plasmid, pcDNA3-THBS-1, was trans-
fected into INS-1 cells, which were incubated with different
concentrations of Pal. The efficiency of pcDNA3-THBS 1
was detected by RT-qPCR (Fig. 2A). Data indicated that
THBS-1 significantly reversed the changes in cell viability and

Il control
B Pal=0.5 mmolll

Pal=0.5 mmol/l

L Pal=1.0 mmoll

Cell viability (A570)

Pal=0.5 mmol/l

Apoptotic cells (%)

0=
control

Pal (24 h)

Pal (48 h)

Figure 1. Pal induces cell toxicity in INS-1 cells. INS-1 cells were incubated
with different concentrations of Pal (Pal=0.25, 0.5, and 1.0 mmol/I) for
different lengths of time (t=8,24 and 48 h). The control cells were treated with
NaOH. (A) MTT assay was used to detect the effect of Pal on cell viability
of INS-1 cells. (B) Flow cytometric analysis using Annexing V-fluorescein
isothiocyanate/propidium iodide for the detection of cell apoptosis induced
by Pal (Pal=0.5 mmol/l). Data are expressed as the mean =+ standard devia-
tion. "P<0.05 and “P<0.01 vs. control. Pal, palmitate.

apoptosis that were induced by Pal following incubation for
24 or 48 h. These data suggested that THBS 1 protects INS-1
cells from Pal-induced lipotoxicity (Fig. 2).

Bioinformatics prediction. Previous studies have reported
that a number of miRs are involved in regulating the occur-
rence and progression of T2DM (12-16). To further determine
whether THBS-1 is regulated by other molecules in its actions
on the lipotoxicity of INS-1 cells, miRanda, Targetscan and
PicTar were used to predict the possible miRs that may target
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Figure 2. THBS-1 protects INS-1 cells from Pal-induced cell lipotoxicity. INS-1 cells were exposed to different concentrations of Pal (Pal=0, 0.25, 0.5 and
1.0 mmol/l) for different time (t=24 and 48 h) either in the presence or absence of THBS-1. (A) The efficiency of pcDNA3-THBS-1 vector. Cell viability
was detected by MTT analysis when cells were treated with different concentrations of pal for (B) 24 h or (C) 48 h in the absence (Pal) or presence
(Pal/pcDNA3-THBS 1) of THBS-1. (D) Cell apoptosis rate was detected by flow cytometric when cells were treated with Pal (Pal=0.5 mmol/l) for 24 or 48 h
with or without THBS-1. Data are expressed as the mean + standard deviation. "P<0.05 and “P<0.01 vs. control. THBS-1, thrombospondin 1; Pal, palmitate.

THBS-1. The prediction results from these bioinformatics
software were combined and several miRs were selected.
Among these, miR-182-5p was of interest. To the best of our
knowledge, miR-182-5p has not been reported to be associ-
ated with T2DM. A total of 7 bases from the 3'-UTR region
of THBS-1 were identified to be complementary to the seed
sequence of miR-182-5p (Fig. 3). Considering these observa-
tions, miR-182-5p was selected for further study.

miR-182-5p directly targets the 3'-UTR of THBS-1 and down-
regulates its expression. miRs are well known to exert their
function by targeting the 3'-UTR of target genes. To deter-
mine whether or not miR-182-5p directly targets THBS-1,
EGFP reporter analysis was performed. Reporter vectors
bearing either wild-type or mutant-type THBS-1 3'-UTR
were co-transfected with miR-182-5p mimics or inhibitor
into INS-1 cells. The efficiency of miR-182-5p mimics and
inhibitors were detected by RT-qPCR (Fig. 4A). The fluores-
cence intensity of each group was measured and the results
indicated miR-182-5p decreased the intensity of wild-type
3'-UTR by ~69%, while the intensity of the wild-type 3'-UTR
was increased by ~1.8-fold when miR-182-5p was inhib-
ited. However, the intensity of mutant-type 3'-UTR was not

significantly affected when miR-182-5p was overexpressed or
inhibited (Fig. 4B).

The majority of miRs can negatively regulate their target
genes by targeting the 3'-UTR. To further determine the
regulation mode of miR-182-5p in the present study, RT-qPCR
and western blot analysis were performed. The results demon-
strated that miR-182-5p mimics decreased the mRNA and
protein expression level of THBS-1 by ~65 or 70%, respec-
tively, whereas the expression of THBS-1 was significantly
increased by ~1.8- or 2.5-fold when miR-182-5p was inhibited
(Fig. 4C and D). These results suggested that miR-182-5p can
directly bind to the 3'-UTR of THBS-1 and negatively regulate
its expression at mRNA and protein levels.

Upregulation of miR-182-5p in Pal-treated cells. The afore-
mentioned results indicated that miR-182-5p could target
THBS-1 in INS-1 cells. To further investigate whether or
not miR-182-5p was involved in Pal-induced cytotoxicity,
RT-qPCR was used to detect the alteration in miR-182-5p
expression in response to Pal. INS-1 cells were incubated with
Pal (0.5 mmol/l) for 24 h. The results of RT-qPCR indicated
that miR-182-5p expression level was increased by 1.7-fold in
Pal-amended cells compared with the control cells (Fig. 5).
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Position 38-44 of THBS13'UTR 5" .. .ACUGAUCAUAAACCAAUGCUGGU. ..
FHEEned
hsa-miR-338-3p 3 GUUGUUUUAGUGACUACGACCU

Figure 3. miR-182-5p could target the 3'-UTR of THBS 1. miRanda, Targetscan and PicTar were used to predict the possible miRs which could target THBS
1. The potential binding site for miR-182-5p in the 3'-UTR of THBS-1 mRNA was indicated. UTR, untranslated region; THBS-1, thrombospondin 1; miR,
microRNA.
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Figure 4. miR-182-5p directly targets the 3'-UTR of THBS-1 and downregulate its expression. (A) The efficiency of miR-182-5p mimics and inhibitors.
(B) EGFP reporter analysis was performed to detect the EGFP intensity after the wild- or mutant-type of 3'-UTR was cotransfected with miR-182-5p mimics,
miR-182-5p inhibitor or miR-NC in INS-1 cells. EGFP intensity was normalized to the red fluorescent protein fluorescence intensity. (C) Reverse transcrip-
tion-quantitative polymerase chain reaction analysis was used to detect the mRNA expression of THBS 1 when the expression of miR-182-5p was altered.
B-actin was used as the corresponding control. The relative mRNA expression of miR-NC group was normalized as 1. (D) Western blot analysis was used to
detect the relative protein expression level of THBS 1 when miR-182-5p was overexpressed or inhibited. The relative protein expression was determined as
the ratio to GAPDH. Relative protein expression of miR-NC group was normalized as 1. Data are expressed as the mean + standard deviation. “P<0.01 vs.
miR-NC. miR, microRNA; UTR, untranslated region; THBS-1, thrombospondin 1; NC, negative control; EGFP, enhanced green fluorescent protein.

This result suggested that miR-182-5p may serve a role in
Pal-induced lipotoxicity in INS-1 cells.

S

miR-182-5p promotes Pal-induced lipotoxicity of INS-1 cells
by directly targeting THBS-1. To determine the exact effect of
miR-182-5p on Pal-induced cytotoxicity in INS-1 cells, MTT
and flow cytometric analysis were also performed. As indicated
in Fig. 6, miR-182-5p mimics significantly decreased THBS-1
cell viability (Fig. 6A and B), while increasing Pal-induced
apoptosis in INS-1 cells following incubation with Pal
(Fig. 6C). However, the cell viability was increased (Fig. 6A
and B) and Pal-induced apoptosis was decreased (Fig. 6C)
in cells that were transfected with miR-182-5p inhibitors. To
further confirm that miR-182-5p affected Pal-induced lipo-

0
control

Relative expression of miR-182-5p
i

Pal (0.5 mmol/l, 24 h)

Figure 5. miR-182-5p is upregulated in Pal-amended cells. Reverse tran-
scription-quantitative polymerase chain reaction was performed to detect
the expression level of miR-182-5p when INS-1 cells was treated with Pal
(Pal=0.5 mmol/l) for 24 h. U6 was used as the corresponding control. The

toxicity by regulating THBS-1 directly, a rescue experiment
was performed. miR-182-5p and THBS-1 expression plasmid
without the 3'-UTR (pcDNA3-THBS 1) were co-transfected

relative expression of control group was normalized to 1. Data are expressed
as the mean + standard deviation. “P<0.01 as indicated. miR, microRNA;
Pal, palmitate.
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Figure 6. miR-182-5p promotes Pal-induced lipotoxicity of INS-1 cells by directly targeting THBS-1. (A and B) MTT analysis was used to detect the cell
viability of palmitate-amended INS-1 cells when miR-182-5p was overexpressed or inhibited. Data are expressed as the mean + standard deviation. (C) Cell
apoptosis rate was detected in Pal-treated cells when the expression of miR-182-5p was altered. ‘P<0.05 and “P<0.01 vs. Pal/miR-NC. (D and E) Restoration
of THBS-1 counteracted the effect of miR-182-5p on cell viability of Pal-treated INS-1 cells. (F) Ectopic expression of THBS 1 neutralized the alteration of
cell apoptosis rate induced by miR-182-5p. "P<0.05 and “P<0.01 as indicated. miR, microRNA; Pal, palmitate.

into INS-1 cells. As expected, overexpression of THBS-1
counteracted the effect of miR-182-5p on cell viability (Fig. 6D
and E) and apoptosis (Fig. 6F). Taken together, these results
indicated that miR-182-5p affects Pal-induced lipotoxicity by
directly regulating THBS-1.

Discussion

More than 415 million people worldwide are estimated to have
diabetes, with an ever-increasing morbidity and mortality (21).
It is reported that ~95% of all diabetes cases are T2DM (22,23).
T2DM is acomplex disorder characterized by insulin resistance
and defects in pancreatic beta cell function. Numerous experi-
ments have reported that the failure of beta cells to increase
mass and function is central in T2DM (24,25). Nutrients are
essential for the maintenance of beta cell function and mass.
However, an excess of nutrients such as glucose or FFAs can
induce injurious effects on beta cell mass and function that
contribute toward the progressive loss of functional beta cell
mass (26).

In the present study, Pal, which was used as an FFA,
increased INS-1 cell viability after a short exposure time (8 h).
However, Pal significantly decreased cell viability following
24 or 48 h of incubation. These results indicated that FFAs
exert stimulatory effects acutely, but inhibitory effects chroni-
cally on beta cell survival. The subsequent flow cytometry
assay suggested that Pal (0.5 mmol/l) markedly increased the
cell apoptosis rate following 24 or 48 h of exposure.

THBS-1 is a multifunctional glycoprotein released from
various types of cell and exerts its diverse biological effects
through binding to extracellular matrix proteins and cell
surface receptors (8). Recent studies have suggested that

THBS-1 is involved in the pathogenesis of insulin resistance
and is important for beta cell function (27,28). However,
the exact effect of THBS 1 on FFA-induced lipotoxicity is
not thoroughly understood. The present study revealed that
THBS-1 significantly reversed the changes of cell viability
and apoptosis that were induced by Pal exposure. These
results suggested that THBS-1 can protect INS-1 cells from
Pal-induced lipotoxicity.

Additionally, the precise mechanisms of THBS-1 that caused
lipotoxic effects, and whether or not THBS-1 is regulated by
other molecules, were further investigated. In recent years, it has
been determined that an increasing number of miRs participate
in various pathological processes (29-31), including lipotox-
icity (32,33). Subsequent experiments focused on the potential
participation of miRs in Pal-induced lipotoxicity. To begin
with, combining the prediction results of three bioinformatic
analyses, miR-182-5p was selected. To further identify whether
or not miR-182-5p directly targets THBS-1, an EGFP reporter
assay was performed, which revealed that miR-182-5p could
negatively regulate the intensity of wild-type 3-UTR. However,
miR-182-5p could not affect the intensity of mutant-type 3-UTR.
Furthermore, miR-182-5p was indicated to negatively regulate
the expression of THBS-1 at the mRNA and protein levels.

The aforementioned results have indicated that miR-182-5p
could target THBS-1 in INS-1 cells. To further investigate
whether or not miR-182-5p was involved in Pal-induced cyto-
toxicity, miR-182-5p expression was increased in Pal-amended
cells and it was hypothesized that miR-182-5p may participate
in Pal-induced lipotoxicity. The subsequent cell phenotype
experiments suggested that miR-182-5p decreased cell viability
and increased Pal-induced apoptosis in INS-1 cells that were
incubated with Pal. To further confirm that THBS-1 was a
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direct functional target gene of miR-182-5p, a rescue experi-
ment was designed. The results suggested that restoration of
THBS-1 could counteract the effects of miR-182-5p on cell
viability and apoptosis. Taken together, the results of the
present study suggested that miR-182-5p affects Pal-induced
cell viability and apoptosis by directly targeting THBS-1.

In conclusion, the present findings suggested that THBS-1
can protect INS-1 cells from FFA-induced lipotoxicity.
Furthermore, miR-182-5p, which is able to directly target the
3'-UTR of THBS-1, can increase FFA-induced cytotoxicity.
These findings demonstrated that miR-182-5p may be useful
for identifying novel therapeutic approaches that may improve
beta cell mass and function. Additionally, miR-182-5p may
be a novel biomarker for the pathogenesis and progression of
T2DM.
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