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ABSTRACT 

Loss of pancreatic β cells is involved in pathogenesis of gestational diabetes mellitus (GDM). Recently, several 
studies have elucidated the connection between microRNAs (miRNAs) and diabetes mellitus (DM), but the role 
of miRNAs in GDM remains unclear. The aim of this study was to evaluate the potential functions of miRNAs in 
GDM and to investigate the underlying mechanisms of action. First, we explored the expression profile of miRNAs 
in placenta tissue from GDM patients using microarray. Validation analysis was performed in peripheral blood 
specimens using quantitative reverse transcription PCR (qRT-PCR). Then the role and regulating mechanism of 
miR-503 in weaken the function of pancreatic β cell was investigated. We found that miR-503 was markedly 
upregulated in placenta tissue from GDM patients, as elevated in peripheral blood specimens, and the high level 
was positively correlated to blood glucose concentration. Knockdown of miR-503 enhanced insulin secretion of 
pancreatic β-cells, promoted cell proliferation and protected cells from apoptosis, whereas overexpression of miR-
503 showed the opposite effects. Furthermore, mammalian target of rapamycin (mTOR) was identified as a direct 
target of miR-503 and mTOR silencing could reverse the improving effects of miR-503 knockdown on insulin 
secretion and pancreatic β-cells proliferation. High expression of miR-503 in peripheral blood may be acted as a 
diagnosis biomarker of GDM. MiR-503 regulated functions of pancreatic β-cells by targeting the mTOR pathway, 
suggesting that targeting miR-503/mTOR axis could serve as a novel therapeutic target for GDM. 
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INTRODUCTION 

Gestational diabetes mellitus (GDM) is 
one of the most common pathological condi-
tions that can develop during pregnancy and 
present the leading cause of maternal and fetal 
morbidity and mortality (Roberts et al., 2003). 

Although GDM usually disappears after de-
livery, women with poorly managed GDM 
are at a greater risk of experiencing adverse 
pregnancy outcomes, and both mother and 
child are at increased risk of developing type 
2 diabetes (T2D) later in life (Kim et al., 2002; 
Fetita et al., 2006; Bellamy et al., 2009). 
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Therefore, it is of great importance to under-
stand the mechanisms leading to the develop-
ment of GDM. 

Several studies have shown that the un-
derlying cause of GDM is probably related to 
an exacerbation of the β cell dysfunction 
which cannot properly secrete insulin in re-
sponse to hyperglycemia (Buchanan, 2001; 
Wang et al., 2007). Normal pregnancy is usu-
ally accompanied by progressive insulin re-
sistance (IR) (Catalano et al., 1999). Once IR 
occurs in peripheral tissues, the pancreas first 
increases insulin release by improving the 
function of β cells or increasing their number 
in order to maintain maternal euglycemia. Re-
cent studies found that lipotoxicity-induced β 
cell dysfunction was a leading cause of the de-
velopment of GDM (MacDonald et al., 1992; 
Reaven, 1993). Retnakaran et al. showed that 
the furan fatty acid metabolite, 3-carboxy-4-
methyl-5-propyl-2-furanpropanoic acid 
(CMPF) caused β cell dysfunction at concen-
trations found in plasma from GDM and T2D 
patients through impairment of mitochondrial 
function and inhibition of insulin biosynthesis 
(Retnakaran et al., 2016). However, the mo-
lecular mechanism of pancreatic β cells dys-
function in the process of GDM remains un-
clear. 

MicroRNAs (miRNAs) are a class of 
small non-coding RNAs and about 22 nucle-
otides in length, which regulate gene function 
by targeting mRNAs for translational repres-
sion or degradation (Bartel, 2004). Increasing 
evidence indicates that miRNAs are involved 
in the pathogenesis of diabetes and that a 
number of miRNAs have been reported to be 
differently expressed in GDM, such as miR-
132, miR-181a, miR-29c and so on (Zhao et 
al., 2011; Collares et al., 2013). Specifically, 
miRNAs are required for pancreatic β cells 
function and the regulation of glucose stimu-
lated insulin secretion (Poy et al., 2004; 
Plaisance et al., 2006; Lynn et al., 2007). 
Therefore, more studies need to be performed 
to identify more novel miRNAs in GDM. 

In this study, we focused the expression 
level of miR-503 in GDM and studied its role 

in the functions of pancreatic β cells. Our re-
sults showed that inhibition of miR-503 could 
enhance insulin secretion and cell viability of 
pancreatic β cells, while suppress pancreatic 
β cells apoptosis by directly targeting mTOR. 
These data suggest that targeting miR-
503/mTOR pathway might be a novel thera-
peutic target for GDM. 

 
MATERIALS AND METHODS 

Subjects and sample collection 
All the subjects were recruited from the 

Yancheng City Hospital of Jiangsu Province 
(Yancheng, China) in 2015–2016. Written in-
formed consent was obtained prior to inclu-
sion and the present study was approved by 
the Ethics Committee of the Yancheng City 
Hospital of Jiangsu Province (Yancheng, 
China). 

Placentas tissues were obtained from 3 
women with normal pregnancies and 3 
women with GDM and processed immedi-
ately. Peripheral blood samples (2.5 ml) from 
patients with GDM (n=25) and normal sub-
jects (n=25) were collected from the the Yan-
cheng City Hospital of Jiangsu Province from 
2014 to 2015. Patients with serious liver or 
kidney diseases, malignancy and acute heart 
failure were excluded. All samples were 
flash-frozen in liquid nitrogen, and stored 
at -80 °C until further molecular analysis. 

 
microRNA expression profiling 

Total RNA was extracted from placenta 
tissues using the miRNeasy mini kit (Qiagen, 
West Sussex, UK). Samples were labeled 
with a label kit (miRCURY™ Hy3™/Hy5™ 
Power labeling kit and hybridized to the miR-
CURY LNA™ Array (v.18.0) (Agilent Tech-
nologies). The chips were scanned with the 
Axon GenePix 4000B Microarray Scanner. 
The procedure and images process method as 
described previously (Xu et al., 2017). The 
miRNA expressions of all differentially ex-
pressed samples were clearly displayed by a 
hierarchical clustering heat map. 
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Quantitative reverse transcription PCR 
(qRT-PCR) 

Total RNA was extracted from peripheral 
blood, placenta tissues and cells using the 
PAXgene Blood miRNA kit (PreAnalytix), 
the miRNeasy mini kit (Qiagen, West Sussex, 
UK) and TRIzol reagent (Invitrogen) accord-
ing to the manufacturer's instructions. Then 
the RNA was reversely transcribed to cDNA. 
The specific primer was designed with Primer 
5.0 software and synthesized by the Shanghai 
Sangon Biotech Company. Specific gene lev-
els were detected with a real-time PCR reac-
tion system and reaction parameters. 

 
Cell culture 

The INS-1 cells were maintained in Dul-
becco’s modified Eagle’s medium containing 
11 mol/L glucose supplemented with 10 % 
heat-inactivated fetal bovine serum (Gibco), 
100 units/ml penicillin, 100 μg/ml streptomy-
cin and 50 µM β-mercaptoethanol at 37 °C in 
a humidified atmosphere of 5 % CO2. Human 
293T embryonic kidney cells were purchased 
from the American Type Culture Collection 
(Manassas, VA, USA) and maintained in Dul-
becco’s modified Eagle’s medium (Invitro-
gen) containing 10 % fetal bovine serum 
(Invitrogen) and 1/100 streptomycin-penicil-
lin mix (Sigma) and incubated at 37 °C with 
5 % CO2. 

 
Cell transfection 

MiR-503 mimics, miR-503 inhibitor and 
controls were purchased from Shanghai 
GenePharma (Shanghai, China). The mTOR 
siRNA and NC siRNA were purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). INS-1 cells were seeded at 4×105 
cells/well in 6-well plates, and cultured in an-
tibiotic-free DMEM at 37 °C and 5 % CO2. 
When the cell density reached 30–50 %, cell 
transfection was performed using Lipofec-
tamine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions. 
48 hours after transfection, cells were col-
lected for further experiments. 

 

Detection of glucose-stimulated insulin  
secretion 

The cells were seeded in a 96-well plate 
and cultured for 24 h. The cells were then 
treated with basal glucose (5.5 mM) or stimu-
latory glucose (22 mM) for 1 h. Subsequently, 
the insulin level was measured by enzyme-
linked immunosorbent assay (ELISA). Total 
insulin content was measured after sonication 
of cells in acid ethanol (2% H2SO4), followed 
by 3 freeze/thaw cycles, and then centrifuged 
for 5 min at 10,000 × g. The supernatant was 
used to measure the insulin level by ELISA as 
described above. 

 
Cell viability assay 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay was 
performed to detect the effect of miR-503 on 
cell viability. Briefly, cells were seeded in 96-
well plates at a density of 2 × 103 cells/well in 
100 μL growth medium. After transfection, 
cells were treated with 20 μl MTT solution 
(5 mg/ml) for 4 h. Then, the absorbance at a 
wavelength of 490 nm was detected by a mi-
croplate reader (Bio-Tek Instruments, Winoo-
ski, VT, USA) according to the manufac-
turer’s instructions. 

 
Apoptosis assay 

Flow cytometry was applied to detect the 
effect of miR-503 on cell apoptosis. Cultured 
or transfected cells were collected, washed 
with PBS and re-suspended in 500 μl of bind-
ing buffer. After the density of the cells was 
adjusted to 5 × 105/ml, cells were incubated 
with 5 μl Annexin V and 5 μl propidium io-
dide (PI) (BD Biosciences) at room tempera-
ture in the dark for 15 min. Apoptotic 
keratinocytes were quantified by flow cytom-
etry (BD Biosciences). 

 
Luciferase reporter assay 

A cDNA fragment of the mTOR 3´-UTR 
mRNA containing the seed sequence of the 
miR-503-binding site or a mutated binding 
site was cloned into the pmirGLO dual-lucif-
erase vector (Promega, Madison, WI, USA). 
The constructed dual-luciferase vector was 
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co-transfected with miR-503 mimics, miR-
503 inhibitor or NC into HEK293T cells. Af-
ter 48 h of incubation, cells were collected for 
application in the Dual-Luciferase Reporter 
System (Promega, Madison, WI) following 
the manufacturer’s recommendations. All of 
the dual-luciferase reporter assays were done 
in triplicate within each experiment, and three 
independent experiments were conducted. 

 
Enzyme-linked immunosorbent assay 
(ELISA) 

The measurement of mTOR ELISA was 
performed according to the manufacturer's in-
structions (Cell Signaling Technology, USA). 
All assays were done in triplicate within each 
experiment, and three independent experi-
ments were conducted. Protein levels were 
calculated as pg/mg of total proteins. 

 
Western blot 

Total proteins from transfected cells were 
extracted using RIPA lysis buffer containing 
proteinase inhibitor (Sigma, USA). Protein 
samples (40 μg) were analyzed by 8 % SDS-
PAGE gel and transferred onto the PVDF 
membrane (Millipore). After being blocked in 
10 % nonfat dried milk for 2 h, the blots were 
incubated with primary antibodies against 
mTOR (1:1000; Abcam, Cambridge, UK) at 
4 °C overnight. After washing three times 
with TBST, the blots were incubated with sec-
ondary antibody at room temperature for 1 h. 
After washing three times with TBST, the 
protein bands were visualized by enhanced 
chemiluminescence detection reagents (Ap-
plygen Technologies Inc., Beijing, China). 
Relative band intensities were determined by 
densitometry using Scion image software 
(version 4.0). Control antibodies were anti-β-
actin (1:2000; Santa Cruz, CA, USA). 

 
Statistical analysis 

Statistical analysis was performed using 
GraphPad Prism 5.0 (GraphPad Software, 
Inc., San Diego, CA, USA). Differences were 
analyzed with the Student's t-test between two 
groups or with one-way ANOVA among four 
groups. Correlation analyses were made with 

Spearman's correlation analysis test. A p-
value of less than 0.05 was considered statis-
tically significant. 

 
RESULTS 

miR-503 is upregulated in GDM and its  
expression is positively correlated with 
blood glucose concentration 

To elucidate the expression of miRNAs 
associated with GDM, we performed a 
miRNA microarray on placenta tissues from 
3 pairs of GDM pregnancies and healthy 
pregnancies. Our results revealed that 28 
miRNAs were upregulated and 15 miRNAs 
were downregulated in GDM group when 
compared with the normal group (Figure 1A). 
Among these aberrantly expressed miRNAs, 
miR-503 was one of miRNAs being most sig-
nificantly upregulated. Based on several stud-
ies it has been reported that the expression of 
miR-503 was increased in diabetes mellitus 
(Caporali et al., 2011, 2015; Zhu et al., 2016), 
we tested if miR-503 was also involved in the 
pathogenetic procession of GDM. Consistent 
with the array results, real-time RT-PCR fur-
ther validated the finding that miR-503 was 
significantly up-regulated in peripheral blood 
samples (Figure 1B). Furthermore, a positive 
correlation between the expression level of 
miR-503 and blood glucose concentration 
was observed in patients with GDM (R 
=0.9032, p < 0.01, Figure 1C). Our data sug-
gest that high expression of miR-503 may be 
a novel diagnostic marker for GDM treat-
ment.  

 
Knockdown of miR-503 enhanced the  
functions of pancreatic β cell 

To explore the roles of miR-503 in GDM, 
the INS-1 cell line was applied as it is reported 
to share many characteristics of pancreatic β 
cells (including insulin secretion) in response 
to glucose stimulation (Li et al., 2016a). First, 
we analyzed the expression of miR-503 in 
INS-1 cells maintained for 4 days with differ-
ent glucose concentrations. As shown in Fig-
ure 1D, miR-503 induction was dose-depend-
ent at glucose concentrations of 5.5-22 mM. 
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Figure 1: miR-503 is upregulated in GDM and its expression is positively correlated with blood glucose 
concentration. A. Heatmap of normalized expression levels of miRNAs in placenta tissues from 3 pairs 
of GDM pregnancies and healthy pregnancies. B. qRT-PCR was performed to determine the expression 
levels of miR-503 in peripheral blood samples from 25 pairs of GDM pregnancies and healthy pregnan-
cies. **p < 0.01 vs. Normal group. C. Correlation between miR-503 level and blood glucose determined 
by Spearman correlation analysis (r = 0.9032, p < 0.01). D. qRT-PCR was performed to determine the 
expression levels of miR-503 in INS-1 cells maintained for 4 days with different glucose concentrations 
(5.5 mM, 11 mM and 22 mM). 5.5 mM glucose acts as an internal control. Data represent the mean ± 
SD of three independent experiments. **p < 0.01 compared with 5.5mM Glc group. 
 
 
 
As the expression level of miR-503 is in-
creased under high glucose, we transfected a 
miR-503 inhibitor to reduce its expression 
level. Following transfection, then insulin 
mRNA levels and total insulin content were 
measured by qRT-PCR and ELISA assay. 
The results showed that knockdown of miR-
503 markedly increased insulin expression 
and insulin content in response to glucose 
stimulation when compared with the control 
and inhibitor NC groups (Figure 2 A, B). We 
further examined the effect of miR-503 inhi-
bition on the viability and apoptosis of pan-
creatic β cells. Our data indicated that the in-
hibition of miR-503 significantly enhanced 
cell proliferation (Figure 2C), while it sup-
pressed the apoptosis of the INS-1 cells (Fig-
ure 2D), when compared with the control and 
inhibitor NC groups. These results suggest 

that miR-503 inhibition enhances the prolifer-
ation and insulin secretion, while it sup-
presses the apoptosis of pancreatic β cells. 
 
Overexpression of miR-503 suppressed the 
functions of pancreatic β cell 

To further reveal the role of upregulation 
of miR-503 in pancreatic β cell function, we 
transfected a miR-503 mimics into INS-1 
cells pretreated with 5.5 mM glucose or 
22 mM high glucose for 24 h. After 24 h 
transfection, insulin mRNA levels and total 
insulin content were measured by qRT-PCR 
and ELISA assay. The results showed that 
overexpression of miR-503 markedly de-
creased insulin expression and insulin content 
in response to glucose stimulation when com-
pared with the control and mimics NC groups 
(Figure 3 A, B). We also examined the effect 
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of miR-503 mimics on the viability and apop-
tosis of pancreatic β cells response to glucose 
stimulation. Our data indicated that the over-
expression of miR-503 significantly inhibited 
cell proliferation (Figure 3C), while it pro-
moted the apoptosis of the INS-1 cells (Figure 

3D), when compared with the control and 
mimics NC groups. These results suggest that 
miR-503 mimics inhibits the proliferation and 
insulin secretion, while it induces the apopto-
sis of pancreatic β cells. 

 

 
Figure 2: Knockdown of miR-503 enhanced the functions of pancreatic β cell. miR-503 inhibitor was 
transfected into INS-1 cells pretreated with 5.5 mM glucose or 22 mM high glucose for 24 h. A. Insulin 
mRNA levels were measured by qRT-PCR. B. Total insulin content was measured by ELISA assay. C. 
Cell viability was determined by MTT assay. D. Cell apoptosis was detected by flow cytometry. Data 
represent the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 compared with inhibitor 
NC or Blank group. 
 

 
Figure 3: Overexpression of miR-503 suppressed the functions of pancreatic β cell. miR-503 mimics 
was transfected into INS-1 cells pretreated with 5.5 mM glucose or 22 mM high glucose for 24 h. A. 
Insulin mRNA levels were measured by qRT-PCR. B. Total insulin content was measured by ELISA 
assay. C. Cell viability was determined by MTT assay. D. Cell apoptosis was detected by flow cytometry. 
Data represent the mean ± SD of three independent experiments. **p < 0.01 compared with mimics NC 
or Blank group.
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mTOR is a direct target of miR-503 
To assess the role of miR-503 in regulat-

ing the functions of pancreatic β cells, bioin-
formatics tools were used to search for poten-
tial targets of miR-503. According to the re-
sults of these analyses, we focused on mTOR, 
an atypical serine/threonine kinase since it has 
recently been found to be involved in sustain-
ing compensatory insulin secretion of pancre-
atic β cells in response to metabolic stress 
(Xie et al., 2017). As suggested in Figure 4A, 

the complementary sequence of miR-503 was 
found in the 3´-UTR of mTOR mRNA. To 
test whether that miR-503 could directly tar-
get 3´-UTR of mTOR, a luciferase reporter 
assay was conducted. The results showed that 
overexpression of miR-503 significantly de-
creased the luciferase activity of mTOR with 
wt 3´-UTR, whereas miR-503 inhibition in-
creased the luciferase activity of mTOR with 
wt 3´-UTR (Figure 4B). 

 

 
Figure 4: mTOR was a direct target of miR-503. A. The predicted miR-503 binding sites on mTOR. B. 
Luciferase activity in HEK293T cells co-transfected with miR-503 mimics, miR-503 inhibitor and lucifer-
ase reporters containing mTOR wild type or mutant type (MUT) 3´-UTR. Histogram indicates the values 
of luciferase measured 48 h after transfection. **p < 0.01 vs. mimic NC group; ##p < 0.01 vs. inhibitor 
NC group. C and D. miR-503 mimics, miR-503 inhibitor and controls were transfected into INS-1 cells, 
then the mRNA and protein levels of mTOR were detected by qRT-PCR and Western Blot. **p < 0.01 
vs. mimic NC or inhibitor NC group. E. The expression level of mTOR in peripheral blood samples from 
25 pairs of GDM pregnancies and healthy pregnancies was detected by using qRT-PCR. **p < 0.01 vs. 
Normal group. F. Pearson’s correlation analysis of the relationship between miR-503 expression and 
mTOR expression in peripheral blood samples from 25 pairs of GDM pregnancies (r =0-0.7757, p < 
0.01).
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Likewise, cells co-transfected with miR-
503 mimics, miR-503 inhibitor, and mTOR-
mut-3´UTR showed no obvious change in 
their luciferase activity (Figure 4B). We fur-
ther examined whether miR-503 could modu-
late the expression of mTOR in INS-1 cells. 
The results of qRT-PCR and Western blot 
showed that overexpression of miR-503 sig-
nificantly reduced the expressions of mTOR 
at protein and mRNA levels, whereas inhibi-
tion of miR-503 promoted the expressions of 
mTOR (Figure 4C, D). In addition, the ex-
pression of mTOR mRNA was investigated 
and it was significantly increased in periph-
eral blood samples from patients with GDM 
compared with that in normal subjects (Figure 
4E). To further confirm whether mTOR ex-
pression could be negatively regulated by 
miR-503 in GDM, the association between 
the expression of miR-503 and mTOR was in-
vestigated in peripheral blood samples from 
patients with GDM. It was demonstrated that 
miR-503 expression was negatively corre-
lated with mTOR expression in peripheral 

blood from GDM patients (r=-0.7757; p 
< 0.01; Figure 4F), indicating that miR-503 
regulates the expression of mTOR in GDM. 
 
Inhibition of miR-503 enhanced the  
functions of pancreatic β cells by targeting 
mTOR 

The transfection of si-mTOR was per-
formed to test if mTOR is involved in the en-
hanced functions of pancreatic β cells induced 
by miR-503 inhibitor. qRT-PCR and ELISA 
results showed that insulin secretion and total 
insulin content in HG-treated INS-1 were sig-
nificantly reduced in si-mTOR + miR-503 in-
hibitor group compared with miR-503 inhibi-
tor group (Figure 5A, B). MTT assay revealed 
that cell viability was also reduced, while 
flow cytometry assay confirmed that cell 
apoptosis was promoted in HG-treated INS-1, 
in comparison with miR-503 inhibitor group 
(Figure 5C, D). Collectively, the interference 
on mTOR was able to reverse the enhance-
ment of miR-503 inhibition on the functions 
of pancreatic β cells.

 

 
Figure 5: Inhibition of miR-503 enhanced the functions of pancreatic β cells by targeting mTOR. MiR-
503 inhibitor and si-mTOR were co-transfected into INS-1 cells pretreated with 5.5 or 22 mM glucose. 
A. Insulin mRNA levels was measured by qRT-PCR. B. Total insulin content was measured by ELISA 
assay. C. Cell viability was determined by MTT assay. D. Cell apoptosis was detected by flow cytometry. 
Data represent the mean ± SD of three independent experiments. **p < 0.01 compared with Blank, ##p 
< 0.01 vs. miR-503 inhibitor
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DISCUSSION 

In the present study, we found miR-503 
was upregulated in GDM and its expression is 
positively correlated with blood glucose con-
centration. Moreover, miR-503 regulated the 
functions of pancreatic β cells by directly tar-
geting mTOR. Our data suggest that miR-503 
may be a potential therapeutic target in GDM. 

Several studies have been conducted to 
evaluate specifically expressed miRNAs in 
the diverse types of diabetes and diabetes-as-
sociated complications (Tang et al., 2008, 
2009; Hennessy et al., 2010; Caporali et al., 
2011). Specifically, miRNAs have been 
found to be associated with the regulation of 
insulin production and secretion that is deter-
mined by the secretory activity of the β-cell 
and the total number of β-cells in the pancreas 
(Bao et al., 2015; Chen et al., 2015; Li et al., 
2016b). For example, Li et al. showed that 
miR-19a-3p enhanced the proliferation and 
insulin secretion, while it inhibited the apop-
tosis of pancreatic β cells via the inhibition of 
suppressor of cytokine signaling 3 (SOCS3) 
(Li et al., 2016b). In this study, we investi-
gated the miRNA expression profiles in pla-
centa tissues from GDM pregnancies com-
pared with normal pregnancies and found that 
miR-503 was upregulated in placenta tissues 
and peripheral blood samples. We also found 
that high expression of miR-503 was posi-
tively correlated with blood glucose concen-
tration, suggesting that miR-503 may be in-
volved in the procession of GDM. 

Recently, miR-503 has been reported to 
be upregulated in the diverse types of diabetes 
and diabetes-associated complications 
(Caporali et al., 2011, 2015; Zhu et al., 2016). 
For example, a recent study from Caporali et 
al. showed that miR-503 expression was up-
regulated in the ischemic limb muscles of di-
abetic mice and patients, and then revealed 
the significance of miR-503 in diabetes-asso-
ciated endothelial dysfunction and impaired 
post-ischemic vascular repair (Caporali et al., 
2011). Previous studies demonstrated that 
several miRNAs were involved in regulation 
of pancreatic β cells functions, such as miR-

101 and miR-30b (Zheng et al., 2015). How-
ever, the transcriptional regulatory role of 
miR-503 in the function of pancreatic β cells 
has not been investigated yet. In this study, we 
found that inhibition of miR-503 promoted 
the proliferation and insulin secretion, while 
it suppressed the apoptosis of INS-1 under 
conditions of glucose stimulation. Likewise, 
overexpression of miR-503 had an opposite 
effect. These results suggest that miR-503 
played an important role in the function of 
pancreatic β cells.  

mTOR is an evolutionarily conserved pro-
tein kinase and forms two functional com-
plexes, termed mTORC1 and mTOR2 com-
plex. Several studies suggest that both mTOR 
complexes are essential for the regulation of 
cell growth and survival, and play important 
roles in maintaining adequate β cell mass (Gu 
et al.; 2011; Li et al., 2016b). Activation of 
mTOR signaling by growth factors and nutri-
ents promoted pancreatic β-cell replication, 
expansion of β-cell mass, and improved glu-
cose tolerance (Bernal-Mizrachi et al., 2001; 
Rachdi et al., 2008; Hamada et al., 2009). In 
contrast, disruption of mTORC1 signaling de-
creased β-cell mass and induced hyperglyce-
mia in S6K1-deficient mice (Pende et al., 
2000). Recently, Xie et al. found that the 
mTORC2/PKC pathway sustained compensa-
tory insulin secretion of pancreatic β cells in 
response to metabolic stress (Xie et al., 2017). 
In this study, we identified mTOR as a direct 
target of miR-503. Moreover, miR-503 and 
mTOR expression were inversely correlated 
in peripheral blood samples, suggesting that 
miR-503 negatively regulated the expression 
of mTOR in GDM. Our results show that sup-
pression of mTOR with siRNA gene silencing 
reversed the promoting effects of miR-503 in-
hibition on the proliferation, insulin secretion 
and the inhibitory effect on the apoptosis of 
INS-1 under conditions of glucose stimula-
tion. Collectively, these data suggest that 
miR-503 inhibition exerts its functional role 
via mTOR pathway in HG-stimulated INS-1 
cells. 
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In conclusion, our finding that miR-503 
inhibition promotes the functions of pancre-
atic β-cell via activating mTOR signaling 
pathway implicates miR-503 as a novel target 
for GDM therapy. However, further studies 
are required to verify our findings in vivo.  
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