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Gestational diabetes mellitus (GDM) is a type of diabetes 
that occurs during pregnancy due to abnormal maternal 
glucose metabolism. This study aimed to investigate the 
effect of miR-520h and its potential target gene on the 
progression of GDM. The blood samples were taken from 
healthy pregnant women and GDM patients. Human vil-
lous trophoblasts HTR-8/SVNEO cells were treated with 25 
mM glucose and were considered as the GDM cell model. 
The miR-520h level was detected using qRT-PCR in the 
serum and GDM cell model. The correlation analysis be-
tween fasting blood-glucose (FBG) level and miR-520h 
expression was analyzed. The target relationship between 
miR-520h and mTOR was verified using dual luciferase re-
porter assay. HG-induced cells were transfected with miR-
520h mimic or miR-520h inhibitor and pCDNA3-mTOR 
vector or their NCs. Cell viability, apoptosis and mTOR ex-
pression level were detected using CCK-8, flow cytometry 
and western blotting, respectively. The results showed 
that the miR-520h serum level was up-regulated in the 
GDM patients’ serum and GDM cell model, and was posi-
tively correlated with FBG of GDM patients. High glucose 
(HG) inhibited HTR-8/SVNEO cell viability and decreased 
mTOR expression, while it promoted apoptosis. Then, 
the effects of HG on HTR-8/SVNEO cells were reversed by 
miR-520h inhibitor. Moreover, mTOR was identified as a 
target gene downstream of miR-520h. The overexpression 
of mTOR alleviated miR-520h mimic-induced reduction 
in cell viability and enhancement in cell apoptosis in the 
GDM cell model. In conclusion, miR-520h could inhibit cell 
viability and promote cell apoptosis by regulating mTOR 
expression in the GDM cell model. Hence, miR-520h might 
be a potential and important marker for the diagnosis 
and treatment of GDM.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is a type of diabe-
tes that develops during pregnancy due to abnormal ma-
ternal glucose metabolism (Barnes-Powell, 2007). GDM 
predisposes pregnant women to produce excessive am-
niotic fluid, resulting in an oversized fetus, stillbirth, and 
miscarriage (Barbour et al., 2007; Yuan, 2018). It can also 
cause neonatal respiratory distress syndrome (NRDS), hy-
pocalcemia, polycythemia and other diseases (Barbour et 

al., 2007). In addition, GDM can even affect intelligence 
development in childhood and increase the risk of obesity 
and diabetes in adolescence (Barbour et al., 2007). There-
fore, it is very important to study the early diagnosis, treat-
ment, and pathogenesis of GDM. In recent years, it has 
been generally believed that the pathogenesis of GDM is 
a complex issue that is caused by multiple factors, such 
as inflammatory factors, insulin resistance, dysfunction of 
islet β-cells, genetics, and environment (Plows et al., 2018). 
Previous studies have shown that alterations at a molecu-
lar level during pregnancy may be an important direction 
to explore the effects of GDM on pregnancy (Su et al., 
2010; Wander et al., 2017).

MicroRNAs (miRNAs) are endogenous non-coding 
small molecule RNAs, which can actively participate in 
the process of cancer cell differentiation, neoplasia, and 
vascular proliferation (Di Leva et al., 2014). In recent 
years, many miRNAs, such as miR-126, miR-146a and 
miR-29, have been found to act on pancreatic islets and 
are strongly related to insulin secretion, inflammation and 
insulin resistance, and may contribute to the progression 
of diabetes and GDM (Filios & Shalev 2015; Wander et 
al., 2017). Furthermore, miR-657 could regulate cell pro-
liferation and polarization into the M1 phenotype of mac-
rophage, thus participating in the development of GDM 
(Wang et al., 2019). MiR-520h is a cancer-promoting fac-
tor participating in a variety of cancers, such as breast 
cancer, pancreatic cancer, and cervical cancer (Su et al., 
2010; Li et al., 2011; Chang et al., 2014). In particular, a 
study reported that the miR-520h level is increased in the 
serum of patients with GDM, suggesting that miR-520h 
might be related to the pathogenesis of GDM (Gillet et 
al., 2019). Moreover, miR-520 is also found to promote 
trophoblast apoptosis by inhibiting expression of the poly 
ADP-ribose polymerase (PARP1) (Dong et al., 2017). Dys-
functions of the trophoblast may be closely relevant to the 
complications of pregnancy, such as GDM, fetal growth 
restriction, and miscarriage (Wang et al., 2019). However, 
whether miR-520h affects the survival of trophoblast cells 
in GDM requires further study.

Therefore, the purpose of this study was to explore 
the effect of miR-520h on the survival of trophoblast 
cells in GDM and explore its possible regulatory mecha-
nism through establishing high-glucose (HG)-induced 
trophoblast cell model in vitro, providing a new target for 
the treatment of GDM.

MATERIALS AND METHODS

Sample collection

From January 2019 to January 2020, pregnant women 
diagnosed with GDM at the Women’s Hospital School 
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of Medicine Zhejiang University were considered as the 
GDM group (n=32). Healthy pregnant women with nor-
mal glucose tolerance were treated as the healthy group 
(n=48). In the GDM group, the average age of patients 
was 32.71±5.26 years old and the average gestational age 
was 28.33±2.81 weeks. In the healthy group, the average 
age of pregnant women was 29.13±4.22 years old and 
the average gestational age was 29.10±2.32 weeks. None 
of the participants had history of liver disease, hyperten-
sion, kidney disease, etc.

Elbow venous blood was collected from all partici-
pants under fasting conditions in the early morning. The 
fasting blood-glucose (FBG) of GDM patients’ blood 
samples was immediately tested, and the blood samples 
were centrifuged for serum collection. The miR-520h 
serum level was detected by quantitative real time poly-
merase chain reaction (qRT-PCR). In addition, correla-
tion analysis between the FBG level and miR-520h ex-
pression in GDM patients was analyzed.

All experimental procedures and protocols were ap-
proved by the Medical Ethical Committee of Women’s 
Hospital School of Medicine Zhejiang University. The 
informed consent from all patients was obtained.

Cell culture and treatment

Human villous trophoblast cell line HTR-8/SVNEO 
(Procell, China) was cultured in Roswell Park Memorial 
Institute (RPMI)-1640 medium (Solarbio, China) supple-
mented with 5% fetal bovine serum (FBS, Solarbio) and 
1% Penicillin-Streptomycin (P/S, Solarbio) at 37°C.

Cultured cells were divided into two group: one group 
was treated with 25 mM glucose and annotated as the 
HG group, the other group was treated with 5.5 mM 
glucose and annotated as the control group.

Cells in the control or HG groups were transfected 
with 50 nM miR-520h mimic or negative control (NC) 
mimic, 100 nM miR-520h inhibitor or NC inhibitor, re-
spectively, using Lipofectamine 3000 (Thermo Fisher 
Scientific, USA). In addition, cells in the HG group were 
also transfected with 50 nM pCDNA3-mammalian tar-
get of rapamycin (pCDNA3-mTOR) vector, or co-trans-
fected with miR-520h mimic and pCDNA3.1 vector or 
pCDNA3-mTOR vector, using Lipofectamine 3000 at 
37°C.

qRT-PCR

Total RNA from cells in the control or HG groups 
was extracted using QIAEX II Gel Extraction Kit (QIA-
GEN, Germany) and cDNA synthesis was performed 
using QuantiTect Transcription Kit (QIAGEN). The 
miR-520h expression level was detected using miScript 
miRNA PCR Arrays (QIAGEN). The primer sequences 
for miR-520h were 5’-ACAAAGUGCUUCCCUUUA-
GAGU-3’ (forward) and 5’-UCUAAAGGGAAGCAC-
UUUGUUU-3’ (reverse). The primer sequence for NC 
mimic was 5’-CTTCAAGTAATCCAGGATAGGG-3’, 
and the primer sequence for NC inhibitor was 5’-CAG-
TACTTTTGTGTAGTACAA-3’. The relative level of 
miR-520h was normalized to U6 and analyzed using the 
2-ΔΔCt method (Livak & Schmittgen 2001). The primer 
sequences for U6 were 5’-GCTTCGGCAGCACAT-
ATACT-3’ (forward), and 5’-GTGCAGGGTCCGAGG-
TATTC-3’ (reverse).

Cell viability

Cells in the control or HG groups were co-incubated 
with the Cell Counting Kit-8 solution (CCK-8, Solar-

bio) at 37°C for 2 h to detect cell viability. The optical 
density (OD) value at 450 nm was measured using an 
ultraviolet spectrophotometer (Shanghai Aucy Scientific 
Instrument, China).

Cell apoptosis

Cells in the control or HG groups were fixed and 
stained using the Hoechst Staining Kit (Beyotime, Chi-
na), digested with 0.25% trypsin (Beyotime), and then 5 
μL of Annexin-V and Propidium (PI) solution (Beyo-
time) were added to co-incubate for 10 min. Differen-
tiation of apoptotic cells (Annexin-V positive) was de-
tected using flow cytometry (Beckman Coulter, USA).

Dual luciferase reporter assay

Cells were co-transfected with miR-520h mimic or 
NC mimic and mTOR wild type (WT) or mTOR mu-
tant (MUT) using Lipofectamine 3000 (Thermo Fisher 
Scientific). Then, the relative luciferase activity in the 
cells was detected using Dual-Luciferase® Reporter As-
say System Protocol (Promega, USA).

Western blotting

Cells in the control or HG groups were lysed to col-
lect total protein. After protein transfer onto the nitro-
cellulose (NC) membrane, the membrane was placed 
in 5% milk for 2 h at 37°C and co-incubated with the 
mTOR (ab2732, Abcam, USA) and β-actin antibod-
ies (ab179467, Abcam) that were diluted 1500 times, 
for 16 h at 4°C. Then, the anti-rabbit IgG antibody 
(ab191866) conjugated with horseradish peroxidase was 
diluted 1500 times and co-incubated with NC mem-
brane for 1 h. The bands on the membrane were ob-
served and recorded by using an imaging system (Bio-
Rad, USA) and analyzed using the Image J software 
(NIH Image, USA).

Statistical analysis

All of the experiments were repeated three times and 
analyzed using SPSS 21.0 software (SPSS Inc., USA) 
with t-test for two groups and analysis of variance 
(ANOVA) for multiple groups, and then displayed as 
mean ± standard deviation (S.D.). If p<0.05, the data 
were statistically significant.

RESULTS

miR-520h was up-regulated in the GDM patients’ serum 
and GDM cell model

In order to study the relationship between miR-
520h level and blood glucose, qRT-RCR was used to 
detect the serum level of miR-520h in GDM patients. 
The result showed that the miR-520h serum level in 
the GDM group was higher than that in the healthy 
group (Fig. 1A, p<0.001). Furthermore, the miR-520h 
serum level was positively correlated with the FBG lev-
el in GDM patients (Fig. 1B). In Fig. 1C, the results 
also show that miR-520h expression was significantly 
up-regulated in the HG-induced HTR-8/SVNEO cells 
when compared to the normal cells (p<0.001). To sum 
up, these data demonstrated that miR-520h was up-reg-
ulated in GDM patients.
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miR-520h affected cell viability and apoptosis in the 
GDM cell model

MiR-520h mimic or miR-520h inhibitor were respec-
tively transfected into normal HTR-8/SVNEO cells and 
HG-induced HTR-8/SVNEO cells. The transfection 
efficiency of miR-520h mimic or inhibitor is shown in 
Fig. 2A and Fig. 2B, which demonstrate that miR-520h 
expression was up-regulated when cells were transfected 
with the miR-520h mimic, while it was down-regulated 
when cells were transfected with the miR-520h inhibi-
tor (p<0.001). CCK-8 results in Fig. 2C indicate that 
the viability of HG-induced HTR-8/SVNEO cells was 
decreased when compared to the control cells (p<0.01). 
The miR-520h mimic significantly reduced the viability 

of HG-induced HTR-8/SVNEO cells (p<0.01). In con-
trast, as shown in Fig. 2D, the viability of HG-induced 
HTR-8/SVNEO cells was increased after transfection 
with the miR-520h inhibitor (p<0.01). In addition, the 
results from flow cytometry indicated that the apop-
totic rate was significantly increased in the HG-induced 
HTR-8/SVNEO cells (Fig. 3, p<0.001). The miR-520h 
mimic had aggravated the enhancement of apoptotic 
rate induced by HG, but the miR-520h inhibitor allevi-
ated HG-induced increase of the apoptotic rate (p<0.01). 
Hence, the above data illustrate that HG could inhibit 
viability and promote apoptosis of HG-induced HTR-8/
SVNEO cells, and the miR-520h inhibitor reversed these 
results.

Figure 1. miR-520h is up-regulated in the GDM patients’ serum and in the GDM cell model. 
(A) The miR-520h serum level was detected using RT-qPCR in the serum from GDM patients and healthy pregnant women. (B) Corre-
lation analysis of fasting blood-glucose (FBG) and miR-520h expression in GDM patients. (C) HTR-8/SVNEO cells in the HG group were 
treated with 25 mM glucose, which was used as the GDM cell model. The relative miR-520h expression was detected using RT-qPCR. 
***p<0.001.

Figure 2. miR-520h inhibits the viability of HG-treated HTR-8/SVNEO cells. 
The relative miR-520h expression was detected using RT-qPCR for control and HG-treated HTR-8/SVNEO cells transfected with (A) 
miR-520h mimic or NC-mimic, or (B) miR-520h inhibitor or NC inhibitor. Cell viability was detected using CCK-8 in the control and HG 
HG-treated HTR-8/SVNEO cells transfected with (C) miR-520h mimic or NC-mimic, or (D) miR-520h inhibitor or NC inhibitor. **p<0.01; 
***p<0.001.



68           2021J. Wen and X. Bai

miR-520h targeted and regulated mTOR expression

The predicted results obtained from Starbase (http://
starbase.sysu.edu.cn/index.php) revealed that mTOR 
might be a potential downstream target gene of  
miR-520h (Fig. 4A). Dual luciferase reporter assay 
in Fig. 4A shows that the relative luciferase activity 
was reduced in the group that was co-transfected with 
mTOR-WT and miR-520h mimic when compared to the 
mTOR-WT and NC mimic group (p<0.001). Meanwhile, 
there was no significant difference in the luciferase ac-
tivity when cells were co-transfected with mTOR-MUT 
and miR-520h when compared to the mTOR- MUT and 
NC mimic group. These results verified that mTOR is 
a target gene of miR-520h. Furthermore, western blot-
ting analysis showed that the protein level of mTOR 
was clearly suppressed in HG-induced HTR-8/SVNEO 

cells, which was reversed by the miR-520h inhibitor (Fig. 
4B, p<0.01). Therefore, these data demonstrated that  
miR-520h could target and regulate expression of mTOR 
in the GDM cell model.

miR-520h affected cell viability and apoptosis by 
regulating mTOR expression in the GDM cell model

Finally, miR-520h mimic and pCDNA3-mTOR vector 
were co-transfected into HG-induced HTR-8/SVNEO 
cells. As shown in Fig. 5A, the miR-520h mimic reduced 
mTOR expression, and then this reduction was recov-
ered in the miR-520h mimic and pCDNA3-mTOR vec-
tor co-transfection group, illustrating that the miR-520h 
mimic and pCDNA3-mTOR vector were successfully co-
transfected into cells (p<0.001). The results presented in 
Fig. 5B and 5C indicate that the reduction in cell viabil-

Figure 3. miR-520h promotes apoptosis of the HG-induced HTR-8/SVNEO cells. 
miR-520h mimic or miR-520h inhibitor was transfected into HG-induced HTR-8/SVNEO cells. Apoptosis was detected by using flow cy-
tometry. *p<0.05; **p<0.01; ***p<0.001.

Figure 4. miR-520h targets and regulates mTOR expression. 
(A) The target sequences between miR-520h and mTOR were predicted using Starbase (http://starbase.sysu.edu.cn/index.php), and the 
target relationship between miR-520h and mTOR was verified using dual luciferase reporter assay. (B) mTOR expression was detected us-
ing western blotting in HG-induced cells transfected with miR-520h inhibitor or NC inhibitor. **p<0.01; ***p<0.001.

http://starbase.sysu.edu.cn/index.php
http://starbase.sysu.edu.cn/index.php
http://starbase.sysu.edu.cn/index.php
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ity and induction of apoptotic rate induced by miR-520h 
mimics were alleviated when mTOR was overexpressed 
in the HG- induced HTR-8/SVNEO cells (p<0.05). The 
above results demonstrated that miR-520h inhibited vi-
ability and promoted apoptosis by targeting and regulat-
ing expression of mTOR in the GDM cell model.

DISCUSSION

Some physiological changes that occur in women dur-
ing pregnancy can lead to the increased requirements of 
glucose and a relative insufficiency of insulin secretion in 
their bodies, which finally cause GDM (Xie et al., 2000). 
As a very common disease, GDM can also affect fetal 
metabolism and development (Fornes et al., 2018).

MiRNAs have functions in regulating gene expres-
sion in the growth, development and disease of organ-
isms, and are closely related to GDM, such as miR-503,  
miR-657 and miR-520h (Zhao et al., 2014; Wang et al., 
2019). For instance, miR-503 expression is increased 
in the placental tissue and peripheral blood of patients 
with GDM (Xu et al., 2017). The level of miR-520h in 
the serum from GDM patients is also reported to be up-
regulated (Gillet et al., 2019). Consistently, the results of 
the study presented here show that the serum level of  
miR-520h in the patients with GDM was increased, indi-
cating that miR-520h might be related to the progression 
of GDM. In addition, we found that the miR-520h level 
was positively correlated with FBG in GDM patients due 
to the occurrence of insulin resistance or reduced uptake 
and utilization levels of insulin-stimulated glucose (God-
injak et al., 2012). Therefore, this study illustrated that 
miR-520h was upregulated and was accompanied by an 
increase of blood glucose in GDM patients.

The placenta is an important place for maternal-fetal 
exchange of nutrients. The adhesion and invasion of pla-
cental trophoblast cells to the maternal endometrium is 

the prerequisite for the formation of the placenta (Wang 
et al., 2019). A study has found that abnormal trophoblast 
function may be closely relevant to the progression of 
GDM (Wang et al., 2019). Moreover, Dong et al., showed 
that miR-520 regulates trophoblast apoptosis by inhibiting 
expression of the poly ADP-ribose polymerase (PARP1) 
(Dong et al., 2017), inferring that the effect of miR-520h 
on GDM may be in the trophoblasts. Therefore, HTR-8/
SVNEO cells were treated with 25 mM glucose to estab-
lish an in vitro GDM cell model in this study. The results 
showed that miR-520h was also up-regulated in the GDM 
cell model. Furthermore, Peng et al., found that miR-137 
suppresses the survival and migration of HTR-8/SVNEO 
cells through down-regulating FNDC5 in GDM (Peng 
et al., 2019). Dong et al., reported that miR-520 inhibits 
PARP1 to promote trophoblast apoptosis (Dong et al., 
2017). The study presented here has found that the effects 
of miR-520h on cell viability and apoptosis in the GDM 
cell model were like the results from the Dong’s study, 
that is, miR-520h could inhibit cell viability and promote 
apoptosis in the GDM cell model. However, these results 
are in stark contrast to the role of miR-520h in a variety 
of cancers. Therefore, the function of miR-520h in GDM 
may differ from various diseases, and we suspect that the 
reason for these differences is that miR-520h targets some 
different genes in GDM.

mTOR can participate in multiple physiological activities 
in many cells, while it receives and integrates various stim-
uli inside and outside the cells. Both, HG and high insulin 
stimuli could promote phosphorylation of mTOR, causing 
changes in its downstream regulatory factors (Zoncu et al., 
2011). In addition, a previous report revealed that miR-503 
targets mTOR pathway to destroy the function of pancre-
atic islet β cells to increase apoptosis in GDM (Xu et al., 
2017). Therefore, mTOR is involved in pathogenesis of 
GDM. However, it is unknown whether miR-520h could 
regulate mTOR to participate in the progression of GDM. 

Figure 5. miR-520h affects the viability and apoptosis of HG-induced HTR-8/SVNEO cells by regulating mTOR. 
HG-induced cells were co-transfected with NC mimic or miR-520h mimic and pCDNA3-mTOR vector or pCDNA3.1 vector. (A) mTOR ex-
pression was detected using western blotting. (B) Cell viability was detected using CCK-8. (C) Apoptosis was detected using flow cytom-
etry. *p<0.05; **p<0.01; ***p<0.001.
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Thus, this is the first evidence discovering that mTOR 
might be a potential downstream target gene of miR-520h 
through bioinformatics. Moreover, mTOR’s expression was 
down-regulated in the GDM cell model and had a negative 
correlation with miR-520h expression, and the luciferase re-
porter assay further confirmed the targeting relationship be-
tween miR-520h and mTOR. Therefore, we speculated that 
miR-520h affected GDM cell survival through targeting 
and regulating mTOR. The subsequent experimental results 
were indeed consistent with our speculation, showing that 
the reduction in cell viability and induction in cell apoptot-
ic rate induced by miR-520h mimics were alleviated when 
mTOR was overexpressed in the GDM cell model. These 
results fully demonstrated that miR-520h could inhibit cell 
viability and promote apoptosis by regulating expression of 
mTOR in the GDM cell model.

In conclusion, miR-520h could inhibit cell viability and 
promote apoptosis by regulating mTOR expression in 
GDM. Therefore, miR-520h may be an important marker 
of GDM, and has an application value in the diagnosis 
and treatment of GDM. However, more downstream tar-
get genes and regulatory pathway of miR-520h, as well as 
their specific mechanisms of action and effects on GDM 
cell growth or survival need to be further studied.
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