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Abstract. Insufficient invasion of trophoblasts is correlated 
with the development of preeclampsia (PE). MicroRNA 
(miR)‑491‑5p has been reported to be implicated in human 
cancer cell invasion; however, whether miR‑491‑5p is involved 
in the development of PE remains largely unclear. The aim of 
the present study was to investigate the role of miR‑491‑5p in 
trophoblastic invasion in vitro and to determine its underlying 
mechanism of action. The expression levels of miR‑491‑5p were 
validated using reverse transcription‑quantitative PCR. The 
effects of miR‑491‑5p on trophoblast cell invasion were evalu-
ated in vitro. Then, the association between miR‑491‑5p and its 
downstream target was investigated in both cell lines and clin-
ical specimens. miR‑491‑5p expression levels were observed to 
be significantly increased in the placental tissues from patients 
with PE. The invasive capacity of HTR‑8/SVneo trophoblast 
cells was suppressed following the upregulation of miR‑491‑5p 
and increased following the inhibition of miR‑491‑5p. Matrix 
metalloproteinase‑9  (MMP‑9), a well‑known regulator of 
trophoblast cell invasion, was discovered to be a direct target 
of miR‑491‑5p in HTR‑8/SVneo trophoblast cells. Moreover, 
miR‑491‑5p expression levels were found to be inversely corre-
lated with MMP‑9 expression levels in placental tissues from 
patients with PE. The overexpression of MMP‑9 partly attenu-
ated the inhibitory effects of miR‑491‑5p on HTR‑8/SVneo 
trophoblast cells invasion. Collectively, these findings suggested 
that the aberrant expression of miR‑491‑5p may contribute to 
PE through suppressing trophoblast invasion, thus highlighting 
the novel roles of miR‑491‑5p in the molecular pathogenesis of 
PE. The present study also showed that the miR‑491‑5p/MMP‑9 
axis may be an effective biomarker or a viable drug target for 
therapeutic intervention in PE.

Introduction

Preeclampsia (PE) is a systemic disease that results from 
placental defects; this pregnancy‑associated disease causes 
complications in 5‑8% of all pregnancies and increases both 
maternal and neonatal morbidity and mortality rates world-
wide  (1‑3). It is characterized by elevated maternal blood 
pressure and proteinuria (4). It is has been established that 
trophoblastic dysfunction, such as inadequate migration and 
invasion, is one of the primary pathological manifestations of 
PE (5); however, the molecular mechanisms associated with 
insufficient trophoblastic invasion remain largely unknown.

MicroRNAs (miRNAs) are a group of small non‑coding 
RNAs ~22 nucleotides in length, which regulate target gene 
expression through either inducing transcript degradation 
or inhibiting translation (6). Several previous studies have 
demonstrated that various miRNAs are aberrantly expressed 
in preeclamptic placentas (7,8), of which some are involved 
in trophoblastic invasion, such as miRNA  (miR)‑218, 
miR‑520c‑3p, miR‑520g and miR‑203  (9‑12). Notably, 
miR‑491‑5p has previously been reported to be upregulated 
in hypoxic primary human trophoblasts (13); however, this 
study did not investigate the effects of miR‑491 on tropho-
blastic invasion. In addition, miR‑491‑5p has been observed to 
serve as a tumor suppressor in several types of cancer (14,15); 
for example, miR‑491‑5p expression levels were found to 
be decreased in gastric cancer tissues and its upregulation 
suppressed gastric cancer metastasis through targeting SNAIL 
and fibroblast growth factor receptor 4  (16). Xu et al  (15) 
demonstrated that miR‑491‑5p suppressed cellular invasion 
through targeting platelet‑derived growth factor receptor α in 
prostate cancer. Based on the evidence from these previous 
studies, it is hypothesized that miR‑491‑5p may affect the 
invasion of trophoblasts. Thus, in the present study the relative 
expression levels of miR‑491‑5p in placental tissues between 
patients with PE and normal healthy pregnant women were 
investigated, and the role of miR‑491‑5p in trophoblast inva-
sion and migration, and its underlying molecular mechanisms 
were determined.

Materials and methods

Patient studies. The present study was approved by 
the Research Ethics Committee of Hebei Medical 
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University  (Tangshan, China) and informed consent was 
obtained from all patients. A total of 30 human placental 
tissues were collected from pregnancies with PE (mean age, 
41.28±4.01 years) who underwent cesarean sections at the 
Department of Obstetrics and Gynecology, Tangshan Gongren 
Hospital, Hebei Medical University between June 2016 and 
February 2017. A total of 30 samples from normal pregnancies 
(mean age, 39.18±3.02 years) were recruited and used as the 
control group. All samples were immediately frozen in liquid 
nitrogen and stored at ‑80˚C for subsequent analysis. PE was 
defined according to the International Society for the Study 
of Hypertension in Pregnancy (17). Briefly, patients must have 
had a newly onset systolic blood pressure of ≥160 mmHg or a 
diastolic blood pressure of ≥110 mmHg on two or more occa-
sions, in addition to accompanying severe proteinuria (≥3+ or 
≥2 g/24 h) at ≥20 week of gestation. The blood pressure of all 
patients must have had returned to normal and symptoms of 
proteinuria must have disappeared 6 weeks postpartum. For 
the control group, women with renal disease, cardiovascular 
disease, transient hypertension in pregnancy, gestational 
diabetes mellitus, hepatitis, any evidence of spontaneous 
abortion, intrauterine fetal death, fetal chromosomal or other 
pregnancy complications were excluded from this study.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from 20  mg tissues using TRIzol® 
reagent (Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. Total RNA was reverse transcribed 
into cDNA using the PrimeScript™ RT reagent kit (Takara 
Biotechnology Co., Ltd.) at 42˚C for 30 min and 85˚C for 5 sec. 
qPCR for miRNA and mRNA was subsequently performed 
using an ABI PRISM 7300 sequence detection system and 
the SYBR®‑Green I Real‑Time PCR kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The reaction mixtures were 
denatured at 95˚C for 3 min, followed by 40 cycles of 95˚C 
for 10 sec and 60˚C for 30 sec, then final extension at 72˚C 
for 5 min. The following primer pairs were used for qPCR: 
miR‑491‑5p forward, 5'‑ATC​CAG​TGC​GTG​TCG​TG‑3' and 
reverse, 5'‑TGC​TAG​TGG​GGA​ACC​CTT​C‑3'; U6 forward, 
5'‑TGC​GGG​TGC​TCG​CTT​CGC​AGC‑3' and reverse, 5'‑CCA​
GTG​CAG​GGT​CCG​AGG​T‑3'; matrix metalloproteinase 
(MMP)‑9 forward, 5'‑ACG​CAG​ACA​TCG​TCA​TCC​AGT‑3' 
and reverse, 5'‑GGA​CCA​CAA​CTC​GTC​ATC​GTC‑3'; GAPDH 
forward, 5'‑AGG​TCG​GTG​TGA​ACG​GAT​TTG‑3' and reverse, 
5'‑TGT​AGA​CCA​TGT​AGT​TGA​GGT​CA‑3'. The expression 
levels of miR‑491‑5p and MMP9 in the tissues was normalized 
to those of U6 and GAPDH, respectively. RT‑qPCR assays 
were performed in triplicate and the expression levels were 
calculated using the 2‑ΔΔCq method (18).

Cell culture. The HTR‑8/SVneo cell line was purchased from 
The Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences. Cells were cultured in RPMI‑1640 
medium (cat. no. 11875‑093; Gibco; Thermo Fisher Scientific, 
Inc.), supplemented with 100 U/ml penicillin and streptomycin 
and 10% FBS, and maintained at 37˚C in a humidified atmo-
sphere with 5% CO2. 

Cell transfection. miR‑491‑5p mimic (5'‑AGU​GGG​GAA​CCC​
UUC​CAU​GAG​G‑3'), mimics NC (5'AGA​AGC​UGU​UCC​

AAG​GUG​GGC​C‑3'), miR‑491‑5p inhibitor (5'‑CCU​CAU​
GGA​AGG​GUU​CCC​CAC​U‑3'); and inhibitor NC (5'‑GAA​
CAU​CCA​GG​GU​CCC​GUU​CCU‑3') were purchased from 
Shanghai GenePharma Co., Ltd. For plasmid construction 
(pcDNA‑MMP9), MMP9 was cloned into the XhoI and 
KpnI sites of the pcDNA3.0 expression vector (Invitrogen; 
Thermo Fisher Scientific, Inc.); empty pcDNA3.0 vector 
(pcDNA‑vector) was used as a control. The coding domain 
sequences of MMP‑9 were inserted into a pcDNA3.0 vector 
(pcDNA‑MMP‑9; Invitrogen; Thermo Fisher Scientific, Inc.). 
Subsequently, a long‑range amplification PCR of MMP9 was 
performed with the AccuPrime™ Taq DNA Polymerase High 
Fidelity mix (Invitrogen; Thermo Fisher Scientific, Inc.) using 
forward and reverse primers. The PCR reaction consisted of 
1 cycle at 95˚C for 15 sec followed by 30 cycles at 95˚C for 
5 sec, 60˚C for 30 sec and 70˚C for 30 sec, followed by final 
extension at 72˚C for 5 min. The MMP‑9 primer sequences 
were as follows: Sense, 5'‑CGC​TCG​AGG​CAC​CAC​CAC​AAC​
ATC​AC‑3' and antisense, 5'‑CGG​GTA​CCA​CCA​CAA​CTC​
GTC​ATC​GTC‑3'. Transfection of HTR‑8/SVneo cells with 
miRNAs (50 nM) and pcDNA‑MMP9 (2 µg) was performed 
using Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). Cells were harvested 48 h after trans-
fection for further experiments.

Cell invasion assays. The invasive abilities of HTR‑8/SVneo 
cells were analyzed using 8‑µm pore Transwell plates, 
conta in ing membranes precoated with Mat r igel 
(Becton‑Dickinson and Company). Briefly, 48 h after transfec-
tion, a total of 1x104 HTR‑8/SVneo cells/well were plated in 
the upper chambers of Transwell plates in 200 µl serum‑free 
RPMI‑1640 medium. The lower chambers were plated with 
500 µl RPMI‑1640 medium, supplemented with 10% FBS. 
Following incubation at 37˚C for 24 h, non‑invasive cells in 
the upper chamber were removed and the invasive cells on 
the lower surface of the chamber were fixed with 4% parafor-
maldehyde at room temperature for 30 min and subsequently 
stained with 0.1% crystal violet (Sigma‑Aldrich; Merck KGaA) 
for 10 min at room temperature. Stained cells were counted 
and photographed using a fluorescent microscope (Nikon 
Corporation; x200 magnification). 

Wound healing assay. Upon reaching 70‑80% confluence, 
HTR‑8/SVneo cells were transfected with pcDNA‑MMP9, 
miR‑491‑5p mimics, miR‑491‑5p inhibitor and their respective 
negative controls for 24 h, and the wound was subsequently 
created in the middle of the well using a 200 µl pipette tip. Then, 
cells were washed twice with PBS and incubated in serum‑free 
RPMI‑1640 medium. The micrographs were captured using a 
BX51 Olympus confocal microscope (Olympus Corporation) 
at 0 and 24 h (x200 magnification). Image analysis and quan-
tification was performed using ImageJ version 1.46 software 
(National Institutes of Health). 

Prediction of the putative targets of miR‑491‑3p. The putative 
targets of miR‑491‑3p were predicted by the online software 
Targetscan 7.0 (targetscan.org) and miRanda (microRNA.org).

Dual‑luciferase reporter assay. The wild‑type (wt) and mutant 
(mut) 3'‑untranslated region (UTR) of human MMP‑9 was 
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inserted into the pGL3 control vector (Promega Corporation). 
HTR‑8/SVneo cells (8x104) were transfected with the wild‑type 
or mutant vector (200 ng/well), the pRL‑TK Renilla lucif-
erase reporter (10 ng/well), miR‑491‑5p mimic or mimic NC 
(50 nmol/l) using Lipofectamine 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). Following transfection for 48 h, the 
luciferase activity was measured using the Dual‑Luciferase 
Reporter Assay system according to the manufacturer's 
instructions (Promega Corporation). The pRL‑TK plasmid 
(Promega Corporation) was used as a normalizing control. All 
experiments were performed in triplicate.

Western blotting. Total protein was extracted from 
HTR‑8/SVneo cells using RIPA lysis buffer (Beyotime Institute 
of Biotechnology). Total protein was quantified using a bicin-
choninic acid assay kit (Pierce; Thermo Fisher Scientific, Inc.) 
and 30 µg protein/lane was separated via 12% SDS‑PAGE. 
The separated proteins were subsequently transferred onto a 
PVDF membrane (GE Healthcare) and blocked for 1 h at room 
temperature with 5% non‑fat dry milk. The membranes were 
incubated with the following primary antibodies overnight 
at 4˚C: Anti‑MMP‑9 (1:4,000; cat. no. 13667; Cell Signaling 
Technology, Inc.) and anti‑β‑actin (1:2,000; cat. no. 4970; Cell 
Signaling Technology, Inc.). Following the primary antibody 
incubation, membranes were incubated with HRP‑conjugated 
Mouse Anti‑Rabbit IgG (Light‑Chain Specific) (1:10,000; 
cat. no. 93702; Cell Signaling Technology, Inc.) for 1 h at 
37˚C. Protein bands were visualized using an enhanced 
chemiluminescence kit (GE Healthcare). Protein expression 
was quantified using ImageJ software (National Institutes of 
Health).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 5.01 software (GraphPad Software, 
Inc.) and data are presented as the mean ± standard devia-
tion of 3 independent repeats. Differences between sample 
groups were analyzed using a one‑way ANOVA and multiple 
comparisons were performed using a Tukey's post hoc test. 

Spearman's rank correlation coefficient analysis was used 
for correlation analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑491‑5p expression levels are increased in PE clinical 
samples. To investigate the role of miR‑491‑5p in the devel-
opment of PE, miR‑491‑5p expression levels were detected 
using RT‑qPCR in 30 placental tissues from women with 
PE and 30 placental tissues from women who had a healthy 
pregnancy. The expression levels of miR‑491‑5p were signifi-
cantly increased in placental tissues from women with PE 
compared with women in the control group (Fig. 1A). This 
indicated that miR‑491‑5p may be a novel factor associ-
ated with the pathogenesis of PE. To further establish the 
role of miR‑491‑5p in trophoblast cell invasion, miR‑491‑5p 
mimics or miR‑491‑5p inhibitors were transfected into 
HTR‑8/SVneo cells. RT‑qPCR analysis demonstrated the 
significant increase or decrease in cellular miR‑491‑5p 
expression levels in the miR‑491‑5p mimic‑ or miR‑491‑5p 
inhibitor‑transfected cells, respectively, compared with their 
respective NC‑transfected cells (Fig. 1B). 

miR‑491‑5p suppresses the invasive capacity of trophoblast 
cells. The invasion of normal trophoblasts is closely associated 
with PE (5). Using a Matrigel invasion assay, it was demon-
strated that the overexpression of miR‑491‑5p in miR‑491‑5p 
mimic‑transfected cells significantly suppressed the invasive 
ability of HTR‑8/SVneo cells compared with cells transfected 
with the NC mimic, whereas the inhibition of miR‑491‑5p in 
miR‑491‑5p inhibitor‑transfected cells significantly increased 
the invasive ability of cells compared with NC inhibitor‑trans-
fected cells (Fig. 2A). In addition, it was demonstrated that 
the upregulation of miR‑491‑5p expression levels signifi-
cantly decreased the migratory ability of HTR8/SVneo cells 
compared with cells transfected with the NC mimic (Fig. 2B). 
In contrast, the inhibition of miR‑491‑5p significantly enhanced 

Figure 1. miR‑491‑5p expression levels are increased in PE placenta tissues. (A) RT‑qPCR was performed to determine the expression levels of miR‑491‑5p 
in PE placentas (n=30) and normal pregnancy placentas (n=30). **P<0.01 vs. control. (B) HTR‑8/SVneo cells were transfected with miR‑491‑5p mimic, 
miR‑491‑5p inhibitor or their respective NCs. Following 48 h of transfection, the expression levels of miR‑491‑5p were analyzed using RT‑qPCR. All data 
represent the mean ± standard deviation of three independent experimental repeats. **P<0.01 vs. mimic NC; ##P<0.01 vs. inhibitor NC. miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR; PE, preeclampsia; NC, negative control.
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the migratory ability of HTR‑8/SVneo cells compared with the 
NC inhibitor‑transfected cells (Fig. 2B). These data suggest 
that the upregulation of miR‑491‑5p may inhibit the invasion 
and migration of trophoblast cells.

MMP‑9 is a direct target of miR‑491‑5p. To further eluci-
date the underlying molecular mechanisms involved in the 

miR‑491‑5p‑mediated inhibitory effects on the invasion of 
trophoblasts, TargetScan version 7.0 (targetscan.org) (19) and 
miRanda algorithm v3.0 (microrna.org/microrna/) (20) was 
used to predict the target genes of miR‑491‑5p. It was discov-
ered that the wt 3'‑UTR of the MMP‑9 mRNA contained the 
complementary sequence for miR‑491‑5p (Fig. 3A). Previous 
studies have reported that MMP‑9 is critical for regulating 

Figure 2. Overexpression of miR‑491‑5p suppresses the invasion and migration of trophoblast cells. HTR‑8/SVneo cells were transfected with miR‑491‑5p mimic, 
miR‑491‑5p inhibitor or their respective NCs. (A) Cell invasion was measured using a Transwell assay (x200 magnification). (B) Wound healing assay was used to 
determine cell migration. Representative micrographs of cells in each group at 0 and 24 h are shown (x200 magnification). All data represent the mean ± standard 
deviation of three independent experimental repeats. **P<0.01 vs. mimic NC; #P<0.05; ##P<0.01 vs. inhibitor NC. miR, microRNA; NC, negative control. 
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trophoblastic invasion (21,22). To verify whether miR‑491‑5p 
directly bound to MMP‑9, a dual‑luciferase reporter assay 
was performed in HTR8/SVneo cells. The relative luciferase 
activity of the wt MMP‑9 3'‑UTR was significantly reduced 
in HTR8/SVneo cells transfected with the miR‑491‑5p mimic 
compared with the cells transfected with the NC mimic, whereas 
the relative luciferase activity of the wt MMP‑9 3'‑UTR was 
significantly increased in HTR8/SVneo cells transfected with 
miR‑491‑5p inhibitor compared with cells transfected with the 
NC mimic (Fig. 3B). In contrast, miR‑491‑5p did not affect 
the luciferase activity when the targeted sequence of MMP‑9 
was mutated in the miR‑491‑5p‑binding site (Fig. 3B). In addi-
tion, western blotting analysis demonstrated that miR‑491‑5p 
overexpression in miR‑491‑5p mimic‑transfected cells signifi-
cantly reduced the expression levels of MMP‑9 compared with 

the NC mimic‑transfected cells, whereas miR‑491‑5p inhibi-
tion significantly increased the expression levels of MMP‑9 
in HTR8/SVneo cells compared with NC inhibitor‑transfected 
cells (Fig. 3C). 

To further examine the expression of MMP‑9 and its correla-
tion with miR‑491‑5p expression in PE, the expression levels of 
MMP‑9 mRNA were analyzed in all placenta samples used in the 
present study. It was observed that the expression levels of MMP‑9 
were significantly decreased in the placental tissues from women 
with PE compared with the women in the control group (Fig. 3D) 
and miR‑491‑5p expression was found to be inversely correlated 
with the expression levels of MMP‑9 in placental tissues from 
women with PE (r=‑0.6455; P<0.01; Fig. 3E). These findings 
suggested that MMP‑9 may be regulated by miR‑491‑5p in PE 
placenta tissues and trophoblast cells.

Figure 3. MMP‑9 is a direct target of miR‑491‑5p. (A) A putative binding site between miR‑491‑5p and MMP‑9 was identified. (B) Dual‑luciferase reporter 
assay of HTR‑8/SVneo cells co‑transfected with firefly luciferase constructs containing the wt or mut MMP‑9 3'‑UTR and miR‑491‑5p mimic, mimic NC, 
miR‑491‑5p inhibitor or inhibitor NC, as indicated. **P<0.01 vs. mimic NC; ##P<0.01 vs. inhibitor NC. (C) Expression levels of MMP‑9 protein were determined 
following the transfection of cells with miR‑491‑5p mimic, miR‑491‑5p inhibitor and their respective NCs using western blotting. **P<0.01 vs. mimic NC; 
##P<0.01 vs. inhibitor NC. (D) Reverse transcription‑quantitative PCR was performed to determine the expression levels of MMP‑9 in PE placentas (n=30) 
and normal pregnancies placentas (n=30). **P<0.01 vs. control. (E) Relationship between miR‑491‑5p and MMP‑9 was analyzed using Spearman's correlation 
analysis (r=‑0.6455; P<0.01). All data represent the mean ± standard deviation of three independent experimental repeats. MMP‑9, matrix metalloproteinase 9; 
miR, microRNA; wt, wild‑type; mut, mutant; UTR, untranslated region; NC, negative control; PE, preeclampsia. 
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miR‑491‑5p suppresses the invasive and migratory ability 
of trophoblast cells through targeting MMP‑9. To determine 
whether miR‑491‑5p suppressed the invasion of trophoblast 
cells through regulating MMP‑9 expression, MMP‑9 was 
overexpressed in HTR8/SVneo cells using pcDNA‑MMP‑9 
plasmids. Western blotting demonstrated that the expres-
sion levels of MMP‑9 were increased in HTR8/SVneo 
cells following pcDNA‑MMP‑9 transfection compared 
with cells transfected with the control vector  (Fig.  4A). 
Subsequently, the invasive and migratory ability of 
HTR8/SVneo cells co‑transfected with miR‑491‑5p mimics 
and pcDNA‑MMP‑9 was examined. The overexpression of 
MMP‑9 significantly reversed the inhibitory effects of the 
miR‑491‑5p mimic‑transfected cells on cell invasion and 
migration (Fig. 4B and C). These data suggested that the 
upregulation of miR‑491‑5p may suppress trophoblast cell 
invasion and wound healing, at least in part, through down-
regulating MMP‑9 expression.

Discussion

The present study demonstrated that miR‑491‑5p expression 
levels were increased in the placental tissue from women with 
PE, with in vitro analysis further indicating that miR‑491‑5p 
could suppress the invasion and migration of trophoblast cells 
through targeting of MMP‑9. Collectively, these findings 
suggested that the miR‑491‑5p/MMP9 axis may represent a 

potential therapeutic target for the development of novel treat-
ment strategies for patients with PE.

Previous studies have reported that miRNAs are aberrantly 
expressed in PE placenta tissues and are involved in several 
pathophysiological processes, including the invasion and migra-
tion of trophoblast cells (8,23‑27). For example, miR‑136 was 
shown to be increased in PE placenta tissue, where it inhibited 
the invasion of trophoblast cells (28); Xue et al (29) found that 
miR‑34a‑5p expression levels were increased in patients with PE, 
and these upregulated levels suppressed the invasion and migra-
tion of trophoblast cells through directly targeting SMAD4; 
Guo et al (30) revealed that miR‑423‑5p expression levels were 
increased in the blood plasma of pregnant women with PE, which 
effectively inhibited migration and invasion through targeting 
IGF2BP1 in HTR‑8/SVneo cells; and Gao et al (31) found that 
increased expression levels of miR‑299 suppressed the inva-
sion and migration of HTR‑8/SVneo trophoblast cells through 
targeting HDAC2 in PE. These previous findings suggested that 
miRNAs may be an attractive therapeutic target against PE. In 
the present study, it was discovered that miR‑491‑5p expression 
levels were increased in the placental tissue of patients with PE 
compared with normal placentas, suggesting that miR‑491‑5p 
may be associated with the pathogenesis of PE. miR‑491‑5p has 
been reported to serve as a novel regulator of tumor cell func-
tion, including cell invasion and migration (16). Therefore, it was 
hypothesized that miR‑491‑5p may affect the progression of PE 
through the regulation of trophoblastic invasion and migration, 

Figure 4. Overexpression of miR‑491‑5p inhibits the invasion and migration of trophoblast cells through targeting MMP‑9. (A) Expression levels of MMP‑9 
were analyzed using western blotting in HTR‑8/SVneo cells following transfection with the pcDNA‑MMP‑9 overexpression plasmid. **P<0.01 vs. pcDNA 
empty. (B and C) HTR‑8/SVneo cells were co‑transfected with miR‑491‑5p mimic and pcDNA‑MMP‑9 or pcDNA empty for 48 h and (B) cell invasion and 
(C) migration were investigated using a Transwell and wound healing assay (x200 magnification), respectively. All data represent the mean ± standard devia-
tion of three independent experimental repeats. *P<0.05, **P<0.01 vs. control; ##P<0.01 vs. miR‑491‑5p mimic + pcDNA empty. miR, microRNA; NC, negative 
control; MMP‑9, matrix metalloproteinase‑9.
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which, to the best of our knowledge, had not been previously 
investigated. In the present study, it was shown that the invasive 
capabilities of HTR8/SVneo cells were suppressed following 
miR‑491‑5p overexpression, whereas they were increased 
following miR‑491‑5p inhibition. Taken together, these results 
indicated that the increased expression of miR‑491‑5p may 
contribute to PE development through suppressing invasion and 
migration in trophoblasts.

To investigate the potential mechanisms underlying the 
miR‑491‑5p‑mediated inhibition of migration and invasion in 
trophoblasts, bioinformatics analysis was performed to predict 
the putative targets of miR‑491‑5p; MMP‑9 was identified as 
a potential target of miR‑491‑5p. MMP‑9, a member of the 
MMP family, has been previously demonstrated to mediate 
trophoblast invasion and migration  (32‑34); for example, 
Rasstrigina et al (35) reported that the decreased expression 
levels of MMP‑9 in the placenta contributed to the reduced inva-
siveness of trophoblasts. Notably, a previous study also observed 
that miR‑491‑5p suppressed the invasive ability of gastric, 
breast and lung cancer cells through targeting MMP‑9 (36). 
Nonetheless, whether MMP‑9 was implicated in the inhibi-
tory effects of miR‑491‑5p on trophoblastic invasion remained 
relatively unknown. In the present study, MMP‑9 was validated 
as a target gene of miR‑491‑5p in HTR8/SVneo cells. In addi-
tion, MMP‑9 expression levels were found to be decreased in 
the placental tissue of patients with PE compared with normal 
placentas, and an inverse relationship was observed between 
MMP‑9 and miR‑491‑5p expression levels. Furthermore, 
MMP‑9 overexpression reversed the inhibitory effects of the 
miR‑491‑5p mimic on the invasion and wound healing ability 
of trophoblast cells. These results suggest that miR‑491‑5p may 
suppress the trophoblastic invasion and migration, at least partly, 
through decreasing the expression levels of MMP‑9.

In conclusion, the results from the present study showed 
that the expression levels of miR‑491‑5p were increased in the 
placental tissues from women with PE and the upregulation of 
miR‑491‑5p could inhibit the invasion and migration of tropho-
blast cells, which was partly through targeting MMP‑9. These 
data suggested that miR‑491‑5p may be an effective drug target 
for therapeutic intervention in PE; however, the present study may 
be limited by the fact that the expression levels of miR‑491‑5p 
were only investigated in placental tissues collected from preg-
nant women undergoing cesarean sections, which suggested that 
its expression levels may not be suitable for the prenatal screening 
of patients with PE. In future studies, plasma samples from 
pregnant patients should be collected and processed to detect the 
expression levels of miR‑491‑5p in a multi‑center study design.
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