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miR-320a upregulation contributes to the development
of preeclampsia by inhibiting the growth and invasion
of trophoblast cells by targeting interleukin 4
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Abstract. Preeclampsia (PE) is a serious pregnancy-specific
pathologic complication, and represents a primary cause of
mother and fetus mortality. Abnormally expressed microRNAs
(miRNAs) serve important regulatory roles in the development
of PE. At present, the pathogenesis and molecular mechanism
of PE remain unclear. The aim of the present study was to
investigate the potential functions of miRNA (miR)-320a in
the human extravillous trophoblast cell line HTR-8/SVneo and
to identify the molecular mechanisms underlying miR-320a
function. Reverse transcription-quantitative PCR was used
in the present study to detect the levels of miR-320a in the
placentas of 57 pregnant patients with PE and 57 healthy preg-
nant patients. The effects of miR-320a overexpression on the
proliferation and invasion of HTR-8/SVneo cells were deter-
mined using MTT and Transwell invasion assays. Western
blot analysis and dual luciferase reporter assay were used to
identify the genes targeted by miR-320a. The present results
suggested that miR-320a expression level was decreased
in placentas of patients with PE and the expression level of
miR-320a was found to be associated with the pathogenesis
of PE (P<0.05). Overexpression of miR-320a using miR-320a
mimics significantly inhibited cell proliferation and inva-
sion in HTR-8/SVneo cells in vitro (P<0.05). Furthermore,
interleukin (IL)-4 was identified to be a direct target gene of
miR-320a. miR-320a could repress IL-4 expression by binding
to its 3' untranslated region (P<0.05). Mechanistic studies
suggested that IL-4 was a functional target gene of miR-320a,
and miR-320a upregulation inhibited the proliferation and
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invasion of HTR-8/SVneo cells by directly targeting IL-4
(P<0.05). Collectively, to the best of our knowledge, the present
study is the first to suggest that miR-320a may be a down-
regulated miRNA during PE, and IL-4 may act as a functional
target gene of miR-320a. The present study suggested that
miR-320a upregulation was involved in the development of PE
by inhibiting the proliferation and invasion of trophoblast cells
by targeting IL-4, indicating that the miR-320a/IL-4 pathway
may represent a novel therapeutic target for PE treatment.

Introduction

Preeclampsia (PE) is a major hypertensive and clinical
multisystem disorder during pregnancy, occurring in 3-5% of
pregnancies worldwide between 1980 and 2010 (1,2). PE has
become one of the leading causes of maternal and neonatal
morbidity (2). Dysregulated differentiation of human tropho-
blast cells leads to abnormal cell invasion, causing PE (3-5).
Major efforts have been made to identify the molecular
mechanism underlying PE, and the development of PE is
thought to be a multifactorial process, including placental and
endothelial dysfunction, abnormal spiral artery remodeling,
impaired trophoblast cells invasion and increased trophoblasts
apoptosis (6). Dysfunction of human trophoblast cells has been
suggested to be an important factor in PE pathogenesis, and
understanding the potential mechanisms underlying tropho-
blast cell behavior may facilitate the identification of new
therapeutic biomarker for PE.

MicroRNAs (miRNAs) are aclass of endogenous and highly
conserved small non-coding RNAs, which serve regulatory
roles by inhibiting the expression of target genes by binding
to specific regions of the 3'-untranslated region (3'-UTR)
of the target mRNAs, thus promoting transcript degrada-
tion and/or translational suppression (7,8). Accumulating
evidence suggested that miRNAs are associated with many
important cellular events, including differentiation, growth,
migration and apoptosis (9). Dysregulated miRNAs are found
in tumor tissues and cell lines, and miRNAs have shown to
act as tumor Suppressor genes or oncogenes in various types
of human cancer (10). Accumulating evidence has indicated
that miRNAs serve an important role in the pathogenesis of
PE (11). Xiao et al (12) demonstrated that miR-144 regulates
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the proliferation, invasion and migration of human tropho-
blast cells by targeting PTEN in PE. Wu et al (13) showed
that miR-181a-5p suppresses the migration and invasion of
human trophoblast cells in PE by directly targeting insulin
like growth factor 2 mRNA binding protein 2. Dai et al (14)
reported that miR-155 inhibits the proliferation and migration
of human trophoblast cells by downregulating CCNDI. In
addition, a previous study found that miR-203 contributes to
PE development in the human placenta by targeting vascular
endothelial growth factor A, and miR-203 may be used as a
potential therapeutic biomarker in treating PE (15). Although
a large number of miRNAs have been previously described,
the roles and molecular regulatory mechanisms of specific
miRNAs in PE require further investigation.

A previous study demonstrated that the level of miR-320a
is decreased in different tumor samples, and can function as
a tumor suppressor by downregulating the expression level of
multiple target genes (16). miR-320a acts as an important regu-
lator in the development of gastric cancer by directly targeting
Ras-related protein Rab-14 (17). miR-320a is downregulated in
human non-small cell lung cancer and suppresses tumor cell
proliferation and invasion by targeting insulin-like growth
factor 1 receptor (18). miR-320a regulates high mobility group
box 1 in hepatocellular carcinoma, limiting cell invasion and
metastasis (19). In addition, miR-320a represses the progression
of colorectal cancer by targeting Racl (20). However, to the best
of our knowledge, no previous study investigated the biological
functions and mechanisms of miR-320a in PE development.

The aim of the present study was to determine the potential
roles and molecular mechanisms of miR-320a in the prolifera-
tion and invasion of the trophoblast cell line HTR-8/SVeno.
The decreased levels of miR-320a were determined in
placental samples collected from patients with PE by reverse
transcription-quantitative PCR (RT-qPCR). MTT and invasion
assays were performed to detected cell proliferation and inva-
sion in HTR-8/SVneo cells after transfection with miR-320a
mimic or mimic control. In addition, it was tested whether
interleukin (IL)-4 was a direct target of miR-320a by dual
luciferase report assay and western blots analysis. In addition,
following rescue experiments, miR-320a upregulation was
found to suppress proliferation and invasion of HTR-8/SVneo
cells in PE at least partly by directly regulating IL-4.

Materials and methods

Patients. Placenta samples (gestational age, 32-40 weeks) were
obtained from pregnant patients with PE (n=57, age 19-34 years)
and healthy patients (n=57, age 22-31 years) between January
2012 and December 2016 at the Department of Obstetrics, The
Affiliated Hospital of Jining Medical University (Jining, China).
The criteria for diagnosis of PE was as follows: Systolic blood
pressure =140 mmHg or diastolic blood pressure =90 mmHg at
20 weeks post-gestation in a pregnant woman whose blood pres-
sure was previously normal, 24 h urine protein =0.3 g. Exclusion
criteria were as follows: Hypertensive emergencies, blood
system diseases and abnormal pregnancy with other complica-
tions of obstetrics. The clinical characteristics are presented
in Table I. The placentas were immediately snap-frozen in
liquid nitrogen after surgery and stored at -80°C until further
experimentation. The diagnosis of PE was based on The Royal
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College of Obstetricians and Gynaecologists guidelines (1). The
study was approved by the Ethics Committee of The Affiliated
Hospital of Jining Medical University (2017TJ05749). Written
consent was obtained from all patients.

Biochemical testing. Peripheral blood (5 ml) was collected in
EDTA anticoagulant tubes (Qiagen GmbH) from all patients.
Serum was acquired by centrifugation at 3,000 x g for 10 min
at 37°C. Body mass index was shown as weight divided by
height squared (kg/m?). The 24 h urine protein level was quan-
tified using a Fully Automated Chemistry Analyzer (AU400;
Olympus Corporation).

Cell culture. The human extravillous trophoblast cells
HTR-8/SVneo were purchased from the Cell Bank of The
Chinese Academy of Sciences. HTR-8/SVneo cells were
cultured in RPMI-1640 medium (Thermo Fisher Scientific,
Inc.), and supplemented with 10% FBS (Thermo Fisher
Scientific, Inc.), 100 pg/ml streptomycin and 100 U/ml
penicillin in a humidified atmosphere with 5% CO, at 37°C.

RT-gPCR. Total RNA was isolated from placenta samples and
HTR-8/SVneo cells using TRIzol Reagent (Thermo Fisher
Scientific, Inc.). Subsequently, RNA concentration was deter-
mined using a NanoDrop 2000 (Thermo Fisher Scientific, Inc.).
RNA was reverse transcribed into cDNA using a PrimeScript
RT Master Mix kit (Takara Bio, Inc.), according to the manu-
facturer's protocol. The thermocycling conditions were as
follows: 95°C for 10 min, 42°C for 2 min, 37°C for 15 min,
85°C for 5 sec and 4°C for 30 min. qPCR was performed
using a SYBR PrimeScript RT-qPCR kit (Takara Bio, Inc.)
on a Roche Light-cycler 480 real-time qPCR System (Roche
Applied Science), according to the manufacturer's protocol.
The thermocycling conditions of the qPCR were as follows:
Initial denaturation at 95°C for 30 sec, followed by 40 cycles
of 95°C for 10 sec and 60°C for 30 sec. Primers for miR-320a,
U6, IL-4 and GAPDH are presented in Table II. The primers
were designed using Primer Premier software (version 5.0;
Premier Biosoft International, Inc.), and purchased from
Takara Biotechnology Co., Ltd. Expression level of miR-320a
was normalized to the U6 expression level. IL-4 expression
was normalized to GAPDH expression. Relative expression
was calculated using the 2-22°4 method (21).

Oligonucleotide and plasmid transfection. miR-320a mimic,
mimic control, pcDNA3.1 empty vector and IL-4 overex-
pressing plasmid (pcDNA3.1-IL-4) were purchased from
GenePharma Co., Ltd. The mimic control and pcDNA3.1
empty vector were used as negative controls for miR-320a
mimic and pcDNA3.1-IL-4, respectively. The sequences of
miR-320a mimic and mimic control were as follows: miR-320a
mimic, 5~AAAAGCUGGGUUGAGAGGGCGA-3'; mimic
control, 5-UUCUCCGAACGUGUCACGUTT-3". For trans-
fection, HTR-8/SVneo cells were inoculated in six-well plates
at a density of 10° cells/well, and were cultured in a humidified
atmosphere with 5% CO, at 37°C overnight. Transient transfec-
tions of 100 pmol miR-320a mimic, 100 pmol mimic control,
2.5 ug pcDNA3.1 empty vector and 2.5 ug pcDNA3.1-1L-4
vector were performed using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) at 70-80% confluency according
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Table I. Clinical characteristics of patients with PE and healthy patients.

Characteristics PE pregnancies (n=57) Normal pregnancies (n=57) P-value
Maternal age, years 27.12+4.11 26.37£3.29 0.57
BMI, kg/m? 24.91+2.78 25.53+£3.14 0.61
SBP, mmHg 154.06+7.65 109.55+5.93 <0.001
DBP, mmHg 102.25+6 .48 70.69+5.07 <0.001
24-h urine protein, g 3.67+0.73 Not detected <0.001
Gestational age, weeks 35.33+3.28 39.25+2.16 0.04
Infant birth weight, kg 2.27+0.50 3.06+0.75 0.02

PE, preeclampsia; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table II. The sequences of primers for reverse transcription-
quantitative PCR assay.

Gene Sequence (5'-3")

miR-320a F: GTTGGATCCGGCGTTTCCTTCCGACATG

R: GCTGAATTCGTCCACTGCGGCTGTTCC
U6 F: CTCGCTTCGGCAGCACA
R: ACGCTTCACGAATTTGCGT

IL-4 F: GCAGTTCCACAGGCACAA
R: TGGTTGGCTTCCTTCACA
GAPDH  F: CAAGGTCATCCATGACAACT

R: GTCCACCACCCTGTTGCTG

miR, microRNA; IL-4, Interleukin 4.

to the manufacturer's protocol. Cells were collected at 48 h
after transfection for RT-qPCR analysis.

Target gene prediction. The potential target genes of
miR-320a were identified using three publicly available algo-
rithms, including TargetScanHuman version 7.2 (22), PicTar
version 2007 (23) and miRanda version 2010 (24).

Dual luciferase reporter assay. Human IL-4 mRNA 3'-UTR,
including the complementary binding sequence of miR-320a,
(5'..UUAUGAGUUUUUGAUAGCUUUAU...-3"), was
obtained from GenePharma Co., Ltd. and inserted into the
pmirGLO vector (Promega Corporation) to construct the
wild-type IL-4 reporter plasmid. The mutant IL-4 mRNA
3'-UTR (5'...UUAUGAGUUUUUGAUGAUCCCAU...-3")
was also cloned into pmirGLO vector to construct the mutant
IL-4 reporter plasmid. Co-transfection of the wild-type or
the mutant IL-4 reporter plasmid and miR-320a mimic or
mimic control was performed in HTR-8/SVneo cells using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Renilla and
Firefly luciferase values were detected at 24 h post-trans-
fection using a dual luciferase reporter system kit (Promega
Corporation) in a Varioskan Flash Microplate Reader
(Thermo Fisher Scientific, Inc.), following the manufacturer's

protocol. Renilla luciferase activity was used to normalize
Firefly luciferase activity.

MTT assay. The proliferative ability of human trophoblast
cells was assessed using an MTT assay. The transfected
HTR-8/SVneo cells (~8,000 cells/well) were inoculated into
each well of 96-well plates. After 0, 24, 48 and 72 h of trans-
fection, 10 1 MTT (5 mg/ml; Sigma-Aldrich; Merck KGaA)
was added into each well. Then, the cells were incubated in
a humidified atmosphere with 5% CO, at 37°C for 4 h, and
the supernatant was discarded. Subsequently, 150 u1 DMSO
(Sigma-Aldrich; Merck KGaA) was added to dissolve the violet
crystals for 10 min at 37°C. A microplate reader (Bio-Rad
Laboratories, Inc.) was used to detect absorbance of each well
at 450 nm wavelength.

Transwell invasion assay. Transwell inserts (Costar; Corning,
Inc.) precoated with Matrigel (BD Biosciences) were used to
examine cell invasion. In total, ~10° transfected HTR-8/SVneo
cells were inoculated in the upper well in 250 1 RPMI 1640
medium, whereas the lower well contained 500 1 RPMI
1640 medium supplemented with 10% FBS (Sigma-Aldrich;
Merck KGaA). After a 24-h incubation at 37°C with 5% CO,,
non-invasive cells attached to the upper side of membranes
were removed using cotton swabs. The invasive cells were fixed
with 100% methanol (Beyotime Institute of Biotechnology) for
20 min at 37°C and stained with 0.1% crystal violet (Beyotime
Institute of Biotechnology) for 10 min at 37°C. Stained cells
were photographed and counted in five randomly-selected fields
of view using a light microscope (DMI6000 B microscope;
Leica Microsystems GmbH; magnification, x200).

Western blot analysis. Total protein was extracted from
HTR-8/SVneo cells using RIPA buffer (Beyotime Institute of
Biotechnology), and concentration of samples was detected
using a bicinchoninic acid assay kit (Beyotime Institute of
Biotechnology), according to the manufacturer's protocol.
Subsequently, 10% SDS-PAGE was used to separate proteins
(30 pg) and proteins were transferred onto PVDF membranes
(EMD Millipore). Then, membranes were treated with
5% non-fat milk for blocking for 60 min at 37°C, and incu-
bated overnight at 4°C with the following primary antibodies:
Anti-IL-4 (cat. no. ab62351; 1:1,000; Abcam) and anti-GAPDH
(cat. no. ab181602; 1:2,000; Abcam). Subsequently, membranes
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Figure 1. miR-320a is lowly expressed in placentas of patients with PE and is associated with the pathogenesis of PE. (A) miR-320a levels in the placentas
of 57 patients with PE and 57 healthy patients were analyzed by reverse transcription-quantitative PCR assay. (B) Level of 24-h urine protein in the high
miR-320a expression group was higher than that in the low miR-320a expression group. (C) Infant birth weight in PE pregnancies with high miR-320a expres-
sion was lower than that in PE pregnancies with low miR-320a expression. (D) Gestational age was lower in the high miR-320a expression group compared
with that in the low miR-320a expression group. "P<0.05. PE, preeclampsia; miR, microRNA.

were incubated with horseradish peroxidase-conjugated goat
anti-rabbit secondary antibody (cat. no. ab7090; 1:2,000;
Abcam) at 37°C for 60 min. Specific immunoreactive bands
were visualized using a Pierce ECL western blotting kit (Thermo
Fisher Scientific, Inc.). The positive bands were analyzed using
Imagel software (version 1.49; National Institutes of Health).

Statistical analysis. Statistical analysis was performed using
SPSS 19.0 (IBM Corp.). Data are presented as the mean + SD.
Each assay was conducted in triplicate. Student's t-test was
performed to compare two groups. One-way ANOVA followed
by Bonferroni's post hoc test was performed to compare
multiple groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clinical characteristics. Clinical characteristics were obtained
from 57 pregnant patients with PE and 57 healthy patients. The
clinical data are presented in Table I. The analysis of the clin-
ical data suggested that diastolic blood pressure, systolic blood
pressure and the level of 24 h urine protein in the PE group
were higher than those in the healthy patients (P<0.05).
The infant birth weight and gestational age were lower in
the PE group than those in the healthy group (P<0.05). The
maternal age and body mass index did not exhibit significant
differences between the two groups. The high blood pressure
and 24 h urine protein confirmed the diagnosis of PE.

miR-320a expression levelis decreasedin placentas of patients
with PE. To investigate miR-320a expression level in placentas
from patients with PE and healthy patients, RT-qPCR assay
was performed. The relative levels of miR-320a were markedly
downregulated in placentas from patients with PE compared
with healthy patients (Fig. 1A; P<0.05). Additionally, patients
with PE were divided into low and high miR-320a expression
groups based on the mean 2444 value of miR-320a (1.32).
Among the 57 patients with PE, 33 patients were in the low
miR-320a expression group and 24 in the high miR-320a
expression group. Interestingly, the analysis of the two groups
suggested that the level of 24-h urine protein in the high
miR-320a expression group was significantly higher than that
in the low miR-320a expression group (Fig. 1B; P<0.05). The
birth weight (Fig. 1C; P<0.05) and gestational age (Fig. 1D;
P<0.05) were lower in the high miR-320a expression group
compared with the low expression group. The present data
suggested that the expression level of miR-320a was decreased
in placentas of patients with PE and was found to be associated
with the pathogenesis of PE.

miR-320a overexpression represses the proliferation of
HTR-8/SVneo cells. To identify the biological roles of
miR-320a in PE, miR-320a mimic or mimic control were
transfected into HTR-8/SVneo cells, and a MTT assay was
performed to examine the effects of miR-320a on the prolifera-
tion of HTR-8/SVneo cells in vitro. RT-qPCR analysis showed
that miR-320a expression levels in HTR-8/SVneo treated with
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Figure 2. miR-320a overexpression represses the proliferation and invasion of HTR-8/SVneo cells. (A) Expression levels of miR-320a were detected in
HTR-8/SVneo cells after transfection with miR-320a mimic or mimic control. (B) Cell proliferation was examined by MTT assay in HTR-8/SVneo cells
transfected with miR-320a mimic or mimic control. (C) Invasive ability in HTR-8/SVneo cells was detected using a Transwell invasion assay following
transfection with miR-320a mimic or mimic control. Magnification, x200. Scale bar, 100 ym. (D) Overexpression of miR-320a inhibited the invasive ability of
HTR-8/SVneo cells compared with the mimic control. "P<0.05 vs. mimic control. miR, microRNA; OD, optical density.

miR-320a mimic were significantly upregulated compared
with cells transfected with control mimic (Fig. 2A; P<0.05).
Compared with cells transfected with control mimic, cells
transfected with miR-320a exhibited a significantly decrease
in cell proliferation at 48 and 72 h (Fig. 2B; P<0.05). The
present data suggested that the upregulation of miR-320a is
involved in the development of PE by inhibiting the prolifera-
tion of HTR-8/SVneo cells.

miR-320aoverexpressionreducestheinvasion of HTR-8/SVneo
cells. To identify the possible function of miR-320a on human
trophoblasts invasion, HTR-8/SVneo cells were transfected
with either miR-320a mimic or mimic control and a Transwell
invasion assay was performed (Fig. 2C). The present data
suggested that over-expression of miR-320a markedly inhibited
the invasive ability of HTR-8/SVneo cells compared with the
mimic control (Fig. 2D; P<0.05). The present results demon-
strated that the upregulation of miR-320a is involved in the
development of PE by inhibiting the invasion of HTR-8/SVneo
cells.

IL-4 is a direct target gene of miR-320a in HTR-8/SVneo
cells. To investigate the molecular mechanism involved in
the miR-320a-mediated regulation of proliferation and inva-
sion of human trophoblasts, three computational algorithms,
including TargetScanHuman, miRanda and PicTar, were
used to analyze the possible targets of miR-320a. A previous
study showed that IL-4 polymorphisms are associated with
PE (25), and IL-4 was found to have a high score in the three

computational algorithms. Therefore, IL-4 was selected as
a candidate target gene of miR-320a for further analysis. To
evaluate whether IL-4 was directly regulated by miR-320a,
its 3'-UTR containing the complementary binding sequence
of miR-320a, and a mutant 3'-UTR containing mutations in
the miR-320a binding sequence, were introduced into the
pmirGLO vector (Fig. 3A). After co-transfection with the
wild-type IL-4 reporter plasmid and miR-320a mimic into
HTR-8/SVneo cells, the luciferase activity ratio was signifi-
cantly decreased, whereas co-transfection with mutant IL-4
reporter plasmid and miR-320a mimic did not affect the lucif-
erase activity of HTR-8/SVneo cells (Fig. 3B). Additionally,
the effect of miR-320a on IL-4 expression was also determined
using western blot analysis, and the present results suggested
that miR-320a mimic transfection significantly suppressed
the protein expression level of IL-4 in HTR-8/SVneo cells
(Fig. 3C; P<0.05). The present results indicated that IL-4 was
a direct target gene of miR-320a in HTR-8/SVneo cells.

miR-320a inhibits the proliferation and invasion of
HTR-8/SVneo cells by directly targeting IL-4. To examine
whether the inhibitory effects of miR-320a on cell prolif-
eration and invasion of human trophoblasts were mediated
by IL-4 downregulation, IL-4 was overexpressed by
co-transfecting pcDNA3.1-IL-4 vector with miR-320a mimic
in HTR-8/SVneo cells. Western blot analysis suggested that
transfection of pcDNA3.1-IL-4 vector significantly increased
the expression level of IL-4 in HTR-8/SVneo cells (Fig. 4A;
P<0.05). In addition, the protein expression level of IL-4 in
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Figure 3. IL-4 is a direct target of miR-320a in HTR-8/SVneo cells. (A) Wild-type and mutant 3'-UTR sequences of IL-4 mRNA interacting with miR-320a.
(B) Luciferase activity ratio was determined using a dual luciferase reporter assay in HTR-8/SVneo cells co-transfected with wild-type or mutant IL-4
reporter plasmid and miR-320a mimic or mimic control. (C) Relative protein expression level of IL-4 in HTR-8/SVneo cells transfected with miR-320a mimic
or mimic control was detected using western blotting. miR-320a mimic transfection suppressed the protein level of IL-4 in HTR-8/SVneo cells. "P<0.05.

miR, microRNA; IL, interleukin; UTR, untranslated region.

HTR-8/SVneo cells was also increased following co-trans-
fection of the pcDNA3.1-IL-4 vector with miR-320a mimic
(Fig. 4B; P<0.05). Notably, restoring the expression level of
IL-4 partially decreased the inhibitory effect of miR-320a
overexpression on HTR-8/SVneo cell proliferation (Fig. 4C;
P<0.05). Consistent with the cell proliferation results, overex-
pression of IL-4 in HTR-8/SVneo cells reduced the inhibitory
effect of miR-320a overexpression on cell invasion (Fig. 4D;
P<0.05). Collectively, the present data suggested that IL-4 was
a functional target gene of miR-320a, and miR-320a upregula-
tion inhibited the proliferation and invasion of HTR-8/SVneo
cells by directly targeting IL-4.

Discussion

The molecular mechanisms of PE pathogenesis are complex
and are thought to be multifactorial processes (3-5). Abnormal
proliferation and invasion of human trophoblasts serve crucial
roles in the development of PE (26). Therefore, it is important

to study the mechanism of trophoblast proliferation and inva-
sion in order to identify novel reliable and effective molecular
targets for treating PE. Accumulating evidence has indicated
that miRNAs are dysregulated in placentas of patients with
PE (27,28). The identification of dysregulated miRNAs
and their target genes in the placenta of patients with PE
has provided a basis for investigating the mechanisms under-
lying PE development (29,30). To the best of our knowledge,
the present study was the first to suggest that miR-320a may
be downregulated in patients with PE, and IL-4 was identified
as a functional target gene of miR-320a. The present study
suggested that miR-320a upregulation was involved in the
development of PE by inhibiting the proliferation and invasion
of trophoblast cells by targeting IL-4.

miR-320a has been found to be dysregulated in cere-
bral ischemia, myasthenia gravis and human tumors (31).
Recently, several reports have demonstrated that miR-320a
acts as a tumor suppressor gene by targeting Neuropilin 1 in
colorectal cancer (32), Myc in hepatocellular carcinoma (33),
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Figure 4. miR-320a inhibits the proliferation and invasion of HTR-8/SVneo cells by directly targeting /L-4. (A) Western blot analysis of IL-4 expression in
HTR-8/SVneo cells following transfection with pcDNA3.1-1L-4 vector or pcDNA3.1- empty vector. (B) Protein levels of IL-4 in HTR-8/SVneo cells were
significantly increased following transfection with pcDNA3.1-IL-4 vector and miR-320a mimic compared with pcDNA3.1-empty vector with miR-320a mimic
group. "P<0.05. (C) Restoring IL-4 expression partially reduced the suppressive effect of miR-320a overexpression on HTR-8/SVneo cell proliferation. "P<0.05
vs. pcDNA3.1-IL-4 vector with miR-320a mimic. (D) Invasive ability of HTR-8/SVneo cells co-transfected with pcDNA3.1-IL-4 vector or pcDNA3.1-empty
vector with miR-320a mimic was determined using a Transwell invasion assay. "P<0.05. miR, microRNA; IL, interleukin; UTR, untranslated region; OD,

optical density.

and staphylococcal nuclease and tudor domain containing
1 in gliomas (34). Since miR-320a regulates multiple target
genes, it may serve an important role in the regulatory
network underlying the development of PE. To the best of
our knowledge, the functions and potential mechanisms of
miR-320a in PE have not been previously identified. The
present results were in line with previous studies (32-34)
suggesting that miR-320a is a downregulated miRNA in
patients with PE. The present statistical analysis showed
that patients with PE with high miR-320a expression had a
higher level of 24-h urine protein, their children presented
a lower birth weight, and the gestational age was decreased

compared with patients with PE in the low miR-320a expres-
sion group, indicating that miR-320a may be associated with
the pathogenesis of PE.

Furthermore, the function of miR-320a on cell prolifera-
tion and invasion were analyzed by using MTT and Transwell
invasion assays, respectively, in HTR-8/SVneo cells after
transfection with miR-320a mimic and mimic control. The
present results suggested that transient overexpression of
miR-320a induced a significant decrease in HTR-8/SVneo
cell proliferation and invasion, suggesting that the upregula-
tion of miR-320a is involved in the development of PE by
inhibiting the proliferation and invasion of HTR-8/SVneo
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cells. The present results provided novel insights into the roles
of miR-320a in PE development. miRNAs act by silencing
their target genes; therefore, the identification of the potential
targets of miR-320a was required in order to elucidate the
mechanisms underlying miR-320a-mediated PE development.
Using three bioinformatic tools, the potential target genes of
miR-320a have been analyzed. IL-4 was selected for further
experiments as it ranked the highest amongst the potential
target genes. In addition, the association between IL-4 poly-
morphisms and PE was previously investigated (25). T helper
2 (Th2) cells produce IL-13, IL-6, IL-5 and IL-4, and these
cytokines are associated with the production of antibody and
inhibition of cell-mediated immunity (35). A previous study
suggested that PE is associated with an overproduction of
Th2-specific cytokines (36). An increased expression level of
IL-4 is involved in PE during the second half of the pregnancy,
probably by decreasing nitric oxide secretion and promoting
human leukocyte antigen expression (37,38). To investigate
this possibility, wild-type or mutant IL-4 reporter plasmid
and miR-320a mimic or mimic control were transfected into
HTR-8/SVneo cells, and Renilla and Firefly luciferase values
were detected using a dual luciferase reporter assay. The
present results suggested that miR-320a could repress IL-4
expression by binding to its 3'-UTR. Moreover, western blot
assay suggested that IL-4 protein expression was significantly
reduced in HTR-8/SVneo cells following transfection with
miR-320a mimic. The present results suggested that IL-4 was
a direct target gene of miR-320a in HTR-8/SVneo cells.

In addition, rescue experiments were performed to
investigate whether miR-320a exerted its function via IL-4
downregulation in HTR-8/SVneo cells. The present results
suggested that overexpression of IL-4 partly reversed the
inhibitory effects of miR-320a on the proliferation and
invasion of human trophoblasts. Collectively, the present
data suggested that miR-320a was involved in the develop-
ment of preeclampsia by targeting IL-4, suggesting that the
miR-320a/IL-4 pathway may be a novel therapeutic target
for PE treatment. Notably, the target genes of miR-320a are
multiple and are not limited to IL-4; therefore, other potential
target genes need to be investigated to further examine the
regulatory network of miR-320a in the development of PE.
The main limitation of the present study is that the molecular
mechanisms underlying IL-4-regulated cell proliferation and
invasion in human trophoblasts were not investigated and
require further investigation.

Collectively, the present study suggested that miR-320a
was lowly expressed in the placentas of patients with PE
and miR-320a may be involved in the development of PE
by inhibiting the proliferation and invasion of trophoblast
cells by targeting IL-4. Therefore, therapeutic approaches
targeting the miR-320a/IL-4 pathway may improve the treat-
ment of PE.
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