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miR-345-3p serves a protective role during gestational
diabetes mellitus by targeting BAK1
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Abstract. Recent studies have demonstrated that microRNAs
(miRs) serve a crucial role during the development of gesta-
tional diabetes mellitus (GDM). However, the mechanisms
underlying miR-345-3p and its protective role during GDM have
not been previously reported. The present study investigated
miR-345-3p expression and function in vitro, and the possible
molecular mechanisms underlying GDM. Compared with
healthy pregnant women, miR-345-3p was downregulated in
the placental tissue and peripheral blood of patients with GDM.
Further investigation revealed that BCL2-antagonist/killer 1
(BAK1) was a predicted target gene of miR-345-3p, and the
expression of BAK1 was significantly increased in patients
with GDM compared with healthy pregnant women. In vitro
analysis revealed that miR-345-3p mimic significantly
increased cell viability, migration and invasion, inhibited
apoptosis, upregulated Bcl-2 and matrix metallopeptidase 9
expression, and decreased Bax expression compared with
the control group. Furthermore, miR-245-3p mimic-induced
alterations were reversed by BAK1 overexpression. The results
suggested that miR-345-3p overexpression exhibited a protec-
tive role in patients with GDM by inhibiting HTR8-/SVneo
cell apoptosis, and promoting cell proliferation and migration
via targeting BAKI1. The use of miR-345-3p for the diagnosis
of GDM requires further investigation.

Introduction

Gestational diabetes mellitus (GDM) is defined as any degree
of glucose intolerance with onset or first recognition during
pregnancy, excluding patients who exhibited diabetes prior
to gestation but were first diagnosed during pregnancy (1).
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GDM has become a major public health concern due to an
increased prevalence, and the associated short- and long-term
complications for the mother and the offspring (2). GDM is
a multifactorial disease that is induced by environmental
factors interacting with genes, and genetic factors are a major
determinant of the disease (2). Additionally, the prevalence of
GDM varies from country to country and region to region (3),
with epidemiological studies indicating that the prevalence of
GDM is 9% in the United States of America (3) compared with
3.0-21.2% in Asian countries (4). Therefore, the investigation
of GDM has become worldwide in recent years (5); however,
at present, the mechanisms underlying the development and
progression of GDM are not completely understood.

GDM can alter the physiological condition of the mother;
even when aggressively managed, GDM leaves its mark
on offspring (6). In addition, the origin of the majority of
GDM-associated adverse pregnancy outcomes involve the
placenta (7). As a result, the placenta, which is the only inter-
face that connects the mother and the fetus, has become an
important organ for studying the pathogenesis of abnormal
glucose metabolism, including GDM (7). Studies have indi-
cated that the placenta exhibits immature placental villi or
alterations in villus branch morphology during GDM, which
lead to alterations in placental morphology and function,
resulting in limited intrauterine growth and an increased risk of
preterm birth (7). Therefore, chorionic trophoblast cells, which
have invasive and endocrine functions, serve an important role
during GDM (8). The active substances that are secreted by
chorionic trophoblast cells, including hormones and neuro-
peptides, serve an important role during energy metabolism
and transfer between mother and baby, maintenance of early
pregnancy and trophic corpus luteum (9). The human chori-
onic trophoblast HTR8-/SVneo cell line is an immortalized
cell line that was established and identified by a previous
study (10). In the present study, the association between GDM
and pathophysiology was assessed by determining the expres-
sion of miR-345-3p in the placenta and peripheral blood using
in vitro experiments.

miRNAs are a class of highly evolutionarily conserved,
single-chain, small-molecule, non-coding RNAs, measuring
18-23 nucleotides in length, that serve a regulatory role
at the epigenetic level (11). Previous studies investigating
miR-345 have focused on cancer, including prostate (12,13)
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and colorectal cancer (14), as well as acute lymphocytic
leukemia (15). Studies have identified miR-345 as a key regu-
lator in a variety of types of cancer, primarily via its target
genes and signaling pathways (12-16). miR-345 can also act
as a tumor suppressor to affect cell epigenetic regulation,
proliferation, apoptosis, differentiation, metabolism and
chemosensitivity (17-19). Another study reported that miR-345
is differentially expressed during the differentiation of mouse
C2C12 myoblasts into myotube differentiation port and
umbilical cord mesenchymal stem cells (20). The aforemen-
tioned studies indicated that miR-345-3p serves an important
regulatory role during cell growth, apoptosis, migration and
invasion. Based on the key role of placental trophoblasts during
the development and progression of GMD; it was hypothesized
that miR-345-3p may be involved during the development and
progression of GMD by regulating the biobehavior of placental
trophoblast cells.

To explore the proposed hypothesis, the present study
aimed to investigate the role and molecular mechanisms
underlying miR-345-3p during GDM. The expression of
miR-345-3p was measured in placental tissue samples from
patients with GDM, and the regulatory association between
miR-345-3p and BAK1 was assessed at the cellular level. The
results of the present study suggested that miR-345-3p served a
protective role during GDM by decreasing BAK1 expression;
therefore, miR-345-3p may serve as a potential therapeutic
target for human GDM. The results of the present study also
highlighted the proapoptotic function of miR-345-3p during
GDM, and supported its potential use as a diagnostic and
therapeutic target for the disease.

Materials and methods

Clinical sample collection. A total of 30 blood samples and
placental villous tissues were collected from 30 pregnant
women with GDM (age range: 24-39 years) and 30 healthy
pregnant women (age range: 24-39 years) form February 2017
to June 2018. Exclusion criteria were as follows: Age
<18 years old; hypertensive disorder of pregnancy; other
medical diseases during pregnancy (including pregnancy with
diabetes); exposure to harmful substances during pregnancy;
abnormal placenta or umbilical cord; maternal and child blood
type incompatibility; and multiple pregnancies. Patients with
GDM who did not fulfill any of the exclusion criteria were
included in the present study. Both groups of pregnant women
were hospitalized in Wuhan Children's Hospital. There were
no significant differences in maternal birth, age, geographical
origin or occupation between the two groups. The present study
was approved by the Ethics Committee of Wuhan Children's
Hospital (Wuhan Maternal and Child Healthcare Hospital).
Written informed consent was obtained from all patients,
and all patients approved the use of their blood samples and
placental tissues in the present study.

GDM diagnostic criteria. Pregnant women at gestation
week 24-28 were selected for the present study. Patients with
GDM were diagnosed according to the American Diabetes
Association standard for clinical diagnosis and treatment of
diabetes (2011 edition) and standard oral glucose tolerance
test (OGTT). The OGTT was performed as follows: Women

fasted for 8-14 h or more, consumed sugar and subsequently
consumed 75 g glucose powder dissolved in 200 ml warm
water within 5 min. The blood glucose levels of the elbow vein
were measured once every hour for 2 h. The normal ranges
for these aforementioned 3 blood glucose levels (including
fasting level) are >5.1, 10.0 and 8.5 mmol/l, respectively. If
any reading reached or exceeded the normal value, GDM was
diagnosed.

Cell acquisition and culture. Human chorionic trophoblast cells
(HTR8-/SVneo cells) were purchased from Shanghai Huzheng
Industrial Co., Ltd. (cat no. HZ-CC337655). HTR8/SV-neo
cells were routinely cultured in DMEM (Invitrogen; Thermo
Fisher Scientific, Inc.) high sugar complete medium containing
10% FBS (Invitrogen; Thermo Fisher Scientific, Inc.) with 5%
CO, at 37°C.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from blood, tissues and cells using the
TRIzol reagent (Thermo Fisher Scientific, Inc.) according to
manufacturer's protocols. A cDNA Synthesis kit (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to perform RT
according to the manufacturer's protocols. Reverse transcrip-
tion reaction condition was as following: 25°C for 5 min, 42°C
for 60 min and 80°C for 2 min. qPCR analysis was performed
using the LightCycler 480 SYBR Green I Master kit (Roche
Applied Science) according to manufacturer's protocols and
a LightCycler 480 II instrument (Roche Applied Science).
The following thermocycling conditions were used for qPCR:
Initial denaturation at 95°C for 5 min; followed by 45 cycles
of 94°C for 10 sec, primer pair-specific annealing at 55°C for
20 sec and 72°C for 30 sec, followed by a final extension step
at 72°C for 10 min. mRNA and miRNA expression levels were
quantified using the 2244 method (21), and normalized to the
internal reference genes B-actin and U6, respectively. Primer
sequences were as follows: miR-345-3p forward, 5'-GGTTTT
TGGATTGGGTTGTAGAGTG-3' and reverse, 5-AACCAA
AACAATCCCTTACCACTAC-3"; BAK1 forward, 5-GCT
CCCAACCCATTCACTAC-3' and reverse, 5-TCCCTACTC
CTTTTCCCTGA-3"; U6 forward, 5'-GCTTCGGCAGCA
CATATACTAAAAT-3' and reverse, 5-CGCTTCACGAAT
TTGCGTGTCAT-3"; GAPDH forward, 5-CTTTGGTATCGT
GGAAGGACTC-3' and reverse, 5'-GTAGAGGCAGGGATG
ATGTTCT-3"

Identification of miR-345-3p target BAKI. TargetScan
(version 7.2; www.targetscan.org/vert_72) was used to
predict the target gene of miR-345-3p and to identify target
gene 3'-untranslated region (UTR) specific binding sites,
in combination with the National Center for Biotechnology
Information database (https:/www.ncbi.nlm.nih.gov/). The
binding sites between miR-345-3p and 3'UTR BAKI1 were
observed. Subsequently, a dual-luciferase reporter assay was
performed to investigate whether miR-345-3p directly inter-
acted with BAKI.

Dual-luciferase reporter assay. Wild-type (WT-BAK1)
and mutant (MUT-BAKI1) 3'UTR BAKI1 were cloned into
pmiR-RB-Report™ dual luciferase reporter gene plasmid
vectors (Guangzhou RiboBio Co., Ltd.), according to the
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manufacturer's protocol. 293T cells (5x10* cells per well;
American Type Culture Collection) were co-transfected
with WT-BAK1 or MUT-BAKI1, and miR-345-3p mimic
or mimic control using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. Following incubation at 37°C for 48 h, luciferase
activities were detected using a Dual-luciferase assay system
(Promega Corporation), according to the manufacturer's
protocol. Firefly luciferase activity was normalized to Renilla
luciferase activity.

Cell transfection. Cells were seeded into a six well plate
(5x10* cells per well) and allowed to reach 80-90% confluence.
HTRB-/SVneo cells were transfected with 1 g BAK1-plasmid
(Cat no. sc-400646-ACT; Santa Cruz Biotechnology, Inc.), 1 ug
control-plasmid (cat no. sc-437275; Santa Cruz Biotechnology,
Inc.), 50 nM miR-345-3p mimic (HmiR0210-MRO03;
GeneCopoeia), 50 nM mimic control (cat. no. CmiR0001-MRO03;
GeneCopoeia), 1 g control-plasmid + 50 nM miR-345-3p mimic
or 1 ug BAKl-plasmid + 50 nM miR-345-3p mimic using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Following
incubation for 48 h, transfection efficiency was determined by
RT-qPCR.

Cellviability.Cells in the logarithmic growth phase were plated
(5x10* cells per well) into a 96-well plate. At ~90% confluence,
HTRS8-/SVneo cells were transfected with miR-345-3p mimic,
mimic control, control-plasmid + miR-345-3p mimic or
BAKI1-plasmid + miR-345-3p mimic for 48 h at 37°C.
Subsequently, 20 1l MTT solution (5 mg/ml) was added
to each well and cultured at 37°C for 4 h. The solution was
discarded and DMSO (150 ul) was added to each well at 37°C
for 10 min with gentle agitation to sufficiently dissolve the
purple formazan. The optical density (OD) value of each well
was measured at a wavelength of 562 nm using a microplate
reader. Cell viability was calculated as follows: (Experimental
group OD value/control OD value) x100%. A total of 6 wells
were used for each group and the experiment was performed
in triplicate.

Detection of apoptosis by flow cytometry. At 48 h
post-transfection, cell apoptosis was determined using the
AnnexinV-FITC/PI kit [cat no 70-AP101-100; Hangzhou
Multi Sciences (Lianke) Biotech Co., Ltd.], according to the
manufacturer's protocol. Early and late apoptosis were detected
using a FACSCalibur flow cytometer (BD Biosciences) with
FlowlJo software (version 7.2.4; FlowJo LLC).

Transwell assay for the detection of cell migration and
invasion. Non-Matrigel-coated and Matrigel-coated
Boyden chambers (BD Biosciences) were used to detect
the migratory and invasive abilities of HTRB-/SVneo cells,
respectively. HTRB-/SVneo cells were transfected with
miR-345-3p mimic, mimic control, control-plasmid + miR
-345-3p mimic or BAK1-plasmid + miR-345-3p mimic for
48 h. Following starvation overnight in serum-free DMEM
at 37°C for 24 h, cells were obtained by 0.25% trypsiniza-
tion. The cells (5x10° cells/ml) in serum-free medium were
plated in the upper chambers of the Transwell plates. DMEM

containing 2.5% FBS was plated into the lower chambers of
the Transwell plates. After incubation at 37°C for 24 h, cells
remaining on the upper chamber surface were wiped off
using a cotton swab. Subsequently, the upper chamber of the
Transwell insert was washed with PBS, and cells on the lower
surface of the Transwell chamber were fixed with 4% para-
formaldehyde at room temperature for 30 min. Then the cells
were stained using 0.1% crystal violet (Beyotime Institute of
Biotechnology) for 20 min at room temperature. The number
of migratory cells was counted under a light microscope
(magnification, x40) in 5 fields of view, and the total number
of cells was recorded and the mean number of migratory cells
was calculated.

Western blotting. Total protein from HTRB-/SVneo cells
was extracted using RIPA buffer (Beyotime Institute of
Biotechnology) at 4°C for 1 h. The protein concentration was
determined with a bicinchoninic acid assay kit (Beyotime
Institute of Biotechnology). Proteins (30 ug/lane) were
separated via 10% SDS-PAGE and transferred onto PVDF
membranes. Subsequently, the membranes were blocked with
5% skim milk in TBS containing Tween 20 (TBST) at room
temperature for 1.5 h. The membranes were incubated with
primary antibodies targeted against: Bcl-2 (Cat no. sc-23960;
1:1,000; Santa Cruz Biotechnology, Inc.), Bax
(Cat no. sc-20067; 1:1,000; Santa Cruz Biotechnology, Inc.),
matrix metallopeptidase (MMP)9 (Cat no. ab38898; 1:1,000;
Abcam) and GAPDH (Cat no. Ab181602; 1:1,000; Abcam).
After washing with TBST, the membrane was incubated with
the corresponding horseradish peroxidase-labeled secondary
antibody (1:2,000; cat no. 7074; Cell Signaling Technology,
Inc.) at room temperature for 2 h at room temperature. Protein
bands were visualized using enhanced chemiluminescence
kit (Applygen Technologies, Inc.). Protein expression levels
were quantified using ImageJ software (version 1.46; National
Institutes of Health) with GAPDH as the loading control.

Statistical analysis. Statistical analyses were performed using
SPSS software (version 18.0; SPSS, Inc.). Data are presented
as the mean =+ standard deviation. One-way ANOVA followed
by a Tukey's post hoc test was used to analyze the differences
among multiple groups. The unpaired Student's t-test was used
to analyze the statistical significance between two groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression of miR-345-3p in the peripheral blood and
placental tissues of patients with GDM. RT-qPCR was
used to detect miR-345-3p expression levels in maternal
placental tissues and peripheral blood of patients with GDM
and healthy control subjects. miR-345-3p expression was
significantly decreased in the placental tissues and peripheral
blood of patients with GDM compared with normal pregnant
women (Fig. 1).

BAKI is the target gene of miR-345-3p. The target gene of
miR-345-3p was predicted using TargetScan. The results indi-
cated that miR-345-3p had hundreds of potential target genes,
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Figure 1. Differential expression of miR-345-3p in the peripheral blood
and placental tissues of normal pregnant women and patients with GDM.
miR-345-3p mRNA expression levels in the (A) peripheral blood and
(B) placental tissues of normal pregnant women and patients with GDM.
“P<0.01 vs. control. miR, microRNA; GDM, gestational diabetes mellitus.

including BAK1 (Fig. 2A). The BAK1 protein belongs to the
BCL2 protein family, and localizes to mitochondria to induce
apoptosis (22). As placental trophoblast growth serves a key
role during the development and progression of GDM (23), it
was hypothesized that BAK1 may serve important functions
during the growth of placental trophoblast cells. Moreover,
the role of BAK1 during GDM is not completely understood;
therefore, BAK1 was selected for further investigation in the
present study.

A dual-luciferase reporter assay was performed to verify
that BAK1 was a target gene of miR-345-3p. miR-345-3p mimic
significantly decreased the luciferase activity of 293T cells
transfected with BAK1-WT compared with the mimic control
group, while miR-345-3p mimic displayed no significant effect
on the luciferase activity of HTRB-/SVneo cells transfected
with BAK1-MUT. The results indicated that BAK1 was a
target of miR-345-3p (Fig. 2B).

Expression of BAKI in the peripheral blood and placental
tissues of patients with GDM. RT-qPCR was performed to
determined BAK1 mRNA expression levels in the maternal

placental tissues and peripheral blood of patients with GDM
and the normal pregnancy control group. The BAKI mRNA
expression levels were significantly increased in the maternal
peripheral blood and placental tissues of the GDM group
compared with the control group (Fig. 2C and D).

Negative regulation of BAKI by miR-345-3p in HTRB-/SVneo
cells. To investigate the effect of miR-345-3p on BAKI1
expression, HTRB-/SVneo cells were transfected with
BAKI-plasmid, control-plasmid, miR-345-3p mimic,
mimic control, control-plasmid + miR-345-3p mimic or
BAKI-plasmid + miR-345-3p mimic for 48 h. The expression
of miR-345-3p in the miR-345-3p mimic group was signifi-
cantly increased compared with the control group (Fig. 3A).
BAKI1 mRNA expression was increased in the BAK1-plasmid
group compared with the control group (Fig. 3B). In addi-
tion, BAK1 expression was significantly decreased in the
miR-345-3p mimic group compared with the control group;
however, co-transfection with BAK1-plasmid reversed the
miR-345-3p mimic-induced decreased in BAK1 expression
(Fig. 3C and D).

Effect of miR-345-3p on HTRB-/SVneo cells. In the present
study, the effects of miR-345-3p on HTRB-/SVneo cells
were assessed by detecting cell viability, apoptosis, migra-
tion and invasion, as well as detecting the expression levels
of Bcl-2, Bax and MMP-9. Compared with the control group,
miR-345-3p mimic significantly enhanced HTRB-/SVneo cell
viability (Fig. 4A), migration (Fig. 4B) and invasion (Fig. 4C),
and significantly inhibited cell apoptosis (Fig. 4D and E).
Transfection with the BAK1-plasmid significantly reversed
the miR-345-3p mimic-mediated effects on HTRB-/SVneo
cell activity.

Furthermore, miR-345-3p mimic significantly enhanced
the protein expression levels of Bcl-2 (Fig. 5A and B)
and MMP-9 (Fig. 5A and C), and significantly decreased
the protein expression levels of Bax (Fig. 5A and D) in
HTRB-/SVneo cells compared with the control group.
Similarly, miR-345-3p mimic-induced alterations to protein
expression levels were significantly reversed by BAK1-plasmid.

Discussion

GDM is one of the most common complications that
occurs during pregnancy. The disease has a multi-sourced
etiology (3), which may be the result of a combination of
genetic and environmental factors; however, the pathogenesis
of GDM is not completely understood. A number of studies
have demonstrated that miRNAs are ubiquitously expressed
in various organisms and exhibit biological characteristics,
including highly conserved and time-dependent expression,
as well as tissue expression specificity (11,24,25). miRNAs
serve a post-transcriptional regulatory role by binding to the
3'UTR of mRNAs. Li et al (26) conducted an miRNA micro-
array analysis that indicated that 9 miRNAs were significantly
altered in GDM samples: miR-508-3p was upregulated, and
miR-27a, miR-9, miR-30d, miR-362-5p, miR-137, miR-92a,
miR-33a and miR-502-5p were downregulated, suggesting
that miRNA may serve a regulatory role during the develop-
ment of GDM. Therefore, investigating the expression and
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Figure 2. Prediction and verification of the target gene of miR-345-3p in HTRB-/SVneo cells, and the differential expression of BAK1 in the peripheral blood
and placental tissues of normal pregnant women and patients with GDM. (A) TargetScan was used to predict the binding sites between BAK1 and miR-345-3p.
(B) A dual-luciferase reporter assay was performed to verify the binding sites between BAK1 and miR-345-3p. (C and D) BAK1 mRNA expression levels
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Figure 4. Effect of miR-345-3p on HTRB-/SVneo cells. HTRB-/SVneo cells were transfected with miR-345-3p mimic, mimic control, miR-345-3p mimic
+ control-plasmid or BAK1-plasmid + miR-345-3p mimic for 48 h. (A) The MTT assay was performed to determine cell viability. Transwell assays were
performed to determine cell (B) migration and (C) invasion. (D) Early and late cell apoptosis was determined by flow cytometry. (E) Quantification of the flow
cytometry data. “P<0.01 vs. control. 7”P<0.01 vs. mimic. miR, microRNA; BAK1, BCL2-antagonist/killer 1.

regulatory mechanisms underlying miRNAs in patients with
GDM is required to provide novel insight into the pathogenesis
of GDM.

To investigate the effect and mechanisms underlying
miR-345-3p during GDM, the expression of miR-345-3p
was measured in the peripheral blood and placental tissues
of patients with GDM and healthy pregnant women using
RT-qPCR. The results indicated that the expression of
miR-345-3p in the peripheral blood and placental tissues of
patients with GDM was significantly decreased compared with
healthy pregnant women, indicating that low-level miR-345-3p
expression may be associated with GDM pathophysiology. In
addition, miRNAs have been reported to serve an important
role during diabetes (11,27,28). Monfared et al (11) demon-
strated the extensive role of miR-135a as a gene regulator
following GDM transplantation, which suggested that
miR-135a may serve as a potential indicator for the preven-
tion, treatment and management of GDM. The serum miRNA
pattern of type 1 diabetes and the signaling pathways that may

be associated with its pathogenesis have been previously iden-
tified (27). Erener et al (27) reported that miR-29b is highly
expressed in retinal ganglion cell neurons in a rat model of
diabetes, and indicated that miR-29b may be associated
with the pathogenesis of diabetic retinopathy. Additionally,
miR-29b has also been associated with the progression of renal
fibrosis, including diabetic nephropathy (29). The aforemen-
tioned studies indicated that miRNAs may be associated with
the pathogenesis of diabetes.

miRNAs are involved in a number of cellular biological
processes by regulating post-transcriptional expression levels,
either by degrading target genes or inhibiting the transla-
tion of target genes. To identify the biological functions of
miRNAs, screening and validation of miRNA target genes
has become a research focus. Therefore, the present study
used HTRB-/SVneo cells to investigate the target genes of
miR-345-3p, predicting potential target genes via TargetScan
and verifying these target genes using a dual-luciferase
reporter assay. The results indicated that BAK1 was a target
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Figure 5. Effect of miR-345-3p on the expression of Bcl-2, MMP-9 and Bax in HTRB-/SVneo cells. HTRB-/SVneo cells were transfected with miR-345-3p
mimic, mimic control, miR-345-3p mimic + control-plasmid or BAK1-plasmid + miR-345-3p mimic for 48 h. (A) Protein expression levels were determined
by western blotting. (B-D) Quantified densitometric data for (B) Bcl-2, (C) MMP-9 and (D) Bax protein expression levels. “P<0.01 vs. control. #P<0.01 vs.
mimic. miR, microRNA; MMP-9, matrix metallopeptidase 9; BAK1, BCL2-antagonist/killer 1.

gene of miR-345-3p. Subsequently, whether BAK1 was
expressed in the peripheral blood and placental tissues of
patients with GDM was assessed. The expression of BAK1
in the peripheral blood and placental tissues of patients with
GDM was detected using RT-qPCR. The results indicated that
BAKI expression was significantly increased in the peripheral
blood and placental tissues of patients with GDM compared
with healthy pregnant women.

BAKI1 was expressed in patients with GDM; therefore,
the association between BAK1 and miR-345-3p was assessed
in HTRB-/SVneo cells. Transfection of HTRB-/SVneo cells
with BAK1-plasmid, control-plasmid, miR-345-3p mimic,
mimic control or BAKI-plasmid + miR-345-3p mimic
for 48 h indicated that miR-345-3p mimic significantly
decreased BAK1 expression compared with the control

group. miR-345-3p mimic-mediated effects on BAK1 expres-
sion were reversed by co-transfection with BAK1-plasmid.
Therefore, the results suggested that miR-345-3p exhibited a
negative regulatory effect on BAK1. MTT, flow cytometry,
Transwell assay and western blot analyses were subsequently
performed to investigate the effects of BAK1 expression on
miR-345-3p-mediated cellular functions in HTRB-/SVneo
cells, including cell viability, apoptosis, migration and invasion.
miR-345-3p mimic significantly increased HTRB-/SVneo cell
viability, migration and invasion, and inhibited cell apoptosis
compared with the control group. The miR-345-3p-mediated
effects on cellular functions were reversed by BAK1 overex-
pression. In addition, transfection with the miR-345-3p mimic
significantly increased the expression of Bcl-2 and MMP9
in HTRB-/SVneo cells, and decreased the expression of
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Bax, which was also reversed by BAK1 overexpression. Cell
functions, including cell viability, migration, invasion and
apoptosis are closely associated with cell differentiation, tissue
and organ development (30), indicating that miR-345-3p may
serve an important regulatory role during the development
and function of the placenta during embryonic development.
In the present study, miR-345-3p expression levels were
significantly decreased in the placental tissues of patients
with GDM compared with normal pregnant women, which
suggested that GDM may be associated with dysfunction of
trophoblast cell migration and invasion. Therefore, during
GDM, miR-345-3p downregulation in placental trophoblast
cells may increase the expression of downstream target genes,
thereby affecting trophoblast cell proliferation, viability and
apoptosis. Alterations to cellular function lead to abnormali-
ties in placental structure and function, particularly placental
invasion and secretion, during embryonic development (31,32).

The results of the present study indicated that
HTRB-/SVneo cell functions were sensitive to high levels of
miR-345-3p. Among the HTRB-/SVneo cell functions evalu-
ated in the present study, migration, invasion and cell viability
were enhanced by miR-345-3p over-expression, which is
important for the molecular pathogenesis of GDM (23).
Invasion is an important function of trophoblast cells (33,34),
with adhesion and invasion of the maternal uterine epithelium
being the premise of placenta formation (35). Insufficient
extravillous trophoblast invasion of the endometrium has
been reported to cause pregnancy-associated complications,
including miscarriage, pregnancy-induced hypertension and
fetal growth restriction (36). Moreover, the migration and inva-
sion of trophoblast cells has been suggested to be associated
with insulin resistance (37). The results of the present study
suggested that miR-345-3p expression decreased in GDM
maternal placenta tissue and blood. miR-345-3p upregulation
increased the migration and invasion abilities of placental
trophoblast cells, which may be one of the causes of GDM.
Previous study has indicated that the high glucose environ-
ment in pregnant women with GDM affects trophoblast cell
proliferation, apoptosis and cell cycle regulation (38). The
expression of the target gene BAK1 was increased in patients
with GDM compared with normal pregnant women, suggesting
that BAK1 promoted the migration and invasion of trophoblast
cells, and potentially induced the high glucose environment.
The present study provided novel insight for targeted treatment
strategies for patients with GDM.

In conclusion, the present study assessed the function of
miR-345-3p during GDM. The results revealed that miR-345-3p
was abnormally expressed in patients with GDM, and high
expression of miR-345-3p during GDM served a protective role
by inhibiting placental trophoblast apoptosis, and promoting
cell proliferation and migration via targeting BAK1. As the
present study was only a preliminary study investigating the
role of miR-345-3p during GDM, the possibility of using
miR-345-3p to diagnose GDM requires further investigation.
For example, the role of miR-345-3p/BAK1 during glucose
metabolism and insulin signaling should be explored. In addi-
tion, the expression of miR-345-3p/BAKI1 in patients with
GDM prior and subsequent to insulin therapy requires further
investigation. Furthermore, the effect of miR-345-3p/BAK1
during GDM should be investigated in vivo.
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