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Abstract. Normal placentation and successful maintenance 
of pregnancy depend on the successful migration and inva-
sion of trophoblasts into maternal tissues. Previous studies 
reported that microRNAs (miRs) are expressed in tropho-
blasts, and can regulate their migration and invasion. The 
present study aimed to investigate miR‑181b‑5p function in 
HTR‑8/SVneo trophoblasts and explore its underlying mecha-
nism in the pathogenesis of multiple abnormal trophoblast 
invasion‑related events. Reverse‑transcription quantitative 
PCR and western blotting were used to test the expression of 
miR‑181b‑5p and sphingosine‑1‑phosphate receptor 1 (S1PR1) 
in samples of multiple abnormal trophoblast invasion‑related 
events. Transwell invasion and wound healing assays were 
performed to determine cell invasion and migration abili-
ties. A luciferase reporter assay was conducted to identify 
the downstream target of miR‑181b‑5p. Overexpression of 
miR‑181b‑5p suppressed HTR‑8/SVneo cell migration and 
invasion, whereas inhibition of miR‑181b‑5p induced an 
opposite effect. The S1PR1 gene was further identified as a 

novel direct target of miR‑181b‑5p. Specifically, miR‑181b‑5p 
bound directly to the 3'‑untranslated region of S1PR1 and 
suppressed its expression. Moreover, overexpression of S1PR1 
reversed the inhibitory effect of miR‑181b‑5p. Taken together, 
ectopic expression of miR‑181b‑5p impaired the migration and 
invasion of trophoblasts by directly targeting S1PR1, thereby 
providing new insights into the pathogenesis of multiple 
abnormal trophoblast invasion‑related events.

Introduction

Trophoblast migration and invasion are proposed to play 
a pivotal role in the process of embryo implantation and 
placentation, which are critical for embryonic development 
and successful pregnancy  (1). Numerous similarities exist 
between embryo implantation and the growth of cancer cells; 
however, the former is stringently controlled both spatially and 
temporally (2,3). The invasion of trophoblasts to a sufficient 
depth of the uterus is a key factor in determining the outcome 
of pregnancy  (1). Dysregulation of this invasive behavior 
can trigger a wide spectrum of pregnancy‑related diseases 
which can occur throughout various stages of pregnancy (4). 
Inadequate invasion can lead to pathological pregnancies such 
as infertility (5), miscarriage (6‑8), premature birth (5), fetal 
growth restriction (5,7) and preeclampsia (PE) (5,7,9), while 
excessive invasion has been implicated in the pathophysiology 
of placenta accreta  (1,5) and premalignant or malignant 
conditions, such as hydatidiform moles and choriocarcinoma 
(CH) (10). Despite improvements in diagnosis and treatment of 
these conditions, they can still lead to the illness and mortality 
of mother and child. Hence, it is imperative to find effective 
prevention and treatment measures for pregnancy‑related 
events from the perspective of trophoblast invasion.

MicroRNAs (miRNA/miRs) are a class of noncoding 
RNAs ~22 nucleotides in length that post‑transcriptionally 
regulate diverse cellular processes by targeting mRNAs 
for cleavage or translational repression (11,12). It has been 
suggested that miRNAs are involved in placental development 
and function (13). In addition, recent data have also indicated 
that miRNAs play a fundamental role in trophoblast prolifera-
tion, migration, invasion and apoptosis (14,15). For example, 
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it has been reported that miR‑184 was highly expressed in 
recurrent spontaneous abortion (SA) and targeted zinc finger 
matrin‑type 3 (ZMAT3) to promote the apoptosis of tropho-
blasts by upregulating Fas expression levels (16). miR‑616‑3p 
modulated cell proliferation and migration via targeting tissue 
factor pathway inhibitor 2 in PE (17). miR‑21 was upregulated 
in hydatidiform mole tissues and promoted CH cell prolif-
eration, migration and invasion (18). However, the association 
between miRNAs and trophoblast biological function in each 
of these previous studies was evaluated for a single event, such 
as PE or SA, thereby lacking a comprehensive analysis of 
such pregnancy‑related events.

In the present study, samples were collected from 
multiple conditions with abnormal invasion capacity, and it 
was found that miR‑181b‑5p was highly expressed in events 
with impaired trophoblast invasiveness, such as SA  (19) 
and PE (20,21), but lowly expressed in CH which has exces-
sive invasiveness  (10,22). These findings suggested that 
miR‑181b‑5p may have a pivotal role in multiple abnormal 
trophoblast invasion‑related events involved in development or 
pathogenesis. Moreover, growing evidence has indicated that 
miR‑181b‑5p functions in regulating tumor cell migration and 
invasion (23,24). Of note, it has been suggested that tropho-
blasts and tumor cells share similar biological characteristics, 
including proliferation, migration, invasion and apoptosis (25). 
Consequently, the vital role of miR‑181b‑5p in tumor cells is 
suggestive of its effect on the regulation of trophoblast cell 
migration and invasion. In the present study, bioinformatics 
analysis predicted that miR‑181b‑5p potentially targets the 
3'‑untranslated region (UTR) of sphingosine‑1‑phosphate 
(S1P) receptor 1 (S1PR1) mRNA; this was investigated via 
luciferase reporter assays. Therefore, the functional investiga-
tion of miR‑181b‑5p and its downstream targets in multiple 
abnormal trophoblast invasion‑related events was the primary 
aim of the present study.

Materials and methods

Sample collection. Peripheral blood and tissue samples 
were obtained from 100 females at the Department of 
Obstetrics and Gynecology, Nanjing Maternity and Child 
Health Care Hospital from March 2013 to March 2018. 
Among these females, there were 40 healthy controls (20 
first trimester, mean age, 30.9±5.2 years; 20 third trimester, 
mean age, 31.3±4.6 years), and 20 cases of PE (mean age, 
30.7±5.8 years), SA (mean age, 32.6±3.6 years) and CH (mean 
age, 32.4±3.2 years), respectively. A total of 5 ml blood was 
extracted from middle vein of the elbow of each participant. 
Red blood cells were removed by centrifugation at 1,880 x g 
for 20 min at 4˚C, and plasma was stored at ‑20˚C prior to 
use. Villi tissues were collected from normal early pregnancy 
(NV) and patients with SA, placenta samples were collected 
from normal full‑term pregnancy (NP) and PE, and tumor 
tissue samples were collected from individuals with CH. PE 
was defined as systolic blood pressure ≥140 mm Hg and/or 
diastolic blood pressure ≥90 mmHg on a minimum of two 
occasions at least 4‑6 h apart, with urinary protein ≥0.3 g/24 h 
after 20 weeks gestation. All women with NV terminated 
pregnancy for nonmedical reasons. Samples of SA were 
excluded if due to other causes, such as parental chromosomal, 

fetal chromosome abnormality, autoimmunity, thrombophilia, 
reproductive malformation, hormonal dysfunction (such as 
polycystic ovarian syndrome, thyroid abnormalities, diabetes 
mellitus, hyperprolactinemia or luteal insufficiency), folate 
deficiency or infection. All CH samples were collected after 
hysterectomy from patients without detectable infections or 
other systemic conditions. The clinical characteristics of these 
cases are shown in Tables I and II. The present study was 
approved by the Ethics Committee of the Nanjing Maternity 
and Child Health Care Hospital affiliated to Nanjing Medical 
University (Nanjing, China), and all enrolled patients provided 
written consent for sample collection and analyses.

Cell culture. HTR‑8/SVneo cells, derived from primary 
first trimester human villous explant trophoblasts (26) and 
considered as a representative model of human extravillous 
trophoblasts (EVTs) (27), were selected as an in vitro model 
for the present study. HTR‑8/SVneo cells were purchased 
from The Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences and were cultured in RPMI-1640 medium 
containing 10% FBS (both Gibco; Thermo Fisher Scientific, 
Inc.), penicillin (100 U/ml) and streptomycin (100 µg/ml) at 
37˚C and 5% CO2. Cells were passaged when they reached 
90% confluence.

Oligonucleotide and plasmid transfection. Hsa‑miR‑181b‑5p 
mimic and inhibitor, S1PR1 overexpression plasmid and 
their corresponding negative controls were purchased from 
Shanghai GenePharma Co., Ltd. The sequences were as 
follows: Has‑miR‑181b‑5p mimics: 5'‑AAC​AUU​CAU​UGC​
UGU​CGG​UGG​GU‑3' and 5'‑ACC​CAC​CGA​CAG​CAA​UGA​
AUG​UU‑3'; Has‑miR‑181b‑5p mimics‑NC: 5'‑UUU​GUA​
CUA​CAC​AAA​AGU​ACU​G‑3' and 5'‑CAG​UAC​UUU​UGU​
GUA​GUA​CAA​A‑3'; Has‑miR‑181b‑5p inhibitor: 5'‑ACC​
CAC​CGA​CAG​CAA​UGA​AUG​UU‑3'; and Has‑miR‑181b‑5p 
inhibitor‑NC: 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA​A‑3'. 
HTR‑8/SVneo cells were seeded onto 6‑well plates at a 
density of 1x105 cells/well. When cells were 70‑90% confluent, 
transient transfections were conducted using Lipofectamine® 
RNAi‑MAX for ol igonucleotides t ransfections or 
Lipofectamine 2000 for plasmid transfections (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's instructions. 
The final concentration of all mimics, inhibitor and plasmid 
used for transfection was 100 nM. Transfection medium was 
replaced 8 h post‑transfection and cells were harvested at 48 h 
for further experimentation. Transfection efficiency was exam-
ined via reverse transcription‑quantitative PCR (RT‑qPCR).

In vitro migration and invasion assays. An in vitro scratch 
assay was performed to evaluate cell migration ability. 
When cells reached 90% confluence, wounds were made by 
scraping confluent cell monolayers with a 100‑µl pipette tip, 
and non‑adherent cells and debris were removed using PBS. 
In order to minimize cell proliferation, cells were cultured 
in serum‑free medium. The width of the scratch was moni-
tored every 12 h, and the wound width was measured using a 
Nikon ECLIPSE Ts2 light microscope (Nikon Corporation; 
magnification, x10) at 0 and 48 h, respectively. The percentage 
of wound closure areas was calculated using the following 
formula: (Wound width at 0 h‑wound width at 48 h)/wound 
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width at 0  h x100% using ImageJ software version 1.8.0 
(National Institutes of Health).

Invasion assays were performed using Transwell 
inserts (Costar; Corning, Inc.) pre‑coated with Matrigel 
(BD Biosciences). Briefly, a total of 5x104 transfected cells 
suspended in 200 µl RPMI-1640 medium without FBS were 
seeded in the upper compartment of Transwell inserts. As a 
chemoattractant, medium containing 20% FBS was added to 
the lower well. After a 24‑h incubation at 37˚C and 5% CO2, 
the cells remaining in the top side of the insert membrane 
(non‑invaded cells) were gently cleared with cotton swabs and 
the cells invading to the bottom side of the insert membrane 
were fixed using 4% paraformaldehyde for 30 min at room 
temperature. After washing with PBS, the fixed cells were 
stained using 0.1% crystal violet for 30 min at room tempera-
ture, and the number of stained cells was counted using Image J 
software version 1.8.0 (National Institutes of Health) under a 
light microscope (Olympus Corporation, magnification, x10). 
A total of five random field views were selected for counting.

RT‑qPCR. Total RNA was extracted from plasma, tissue 
and cells using TRIzol® reagent (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. Then, 
the RNA was reverse‑transcribed into cDNA using Reverse 
Transcription kit (Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. RT‑qPCR was performed 
using a SYBR Premix Ex Taq™ II (Perfect Real‑Time) kit 
(Takara Bio, Inc.) and Mastercycler® ep qrealplex thermal 
cycler (Eppendorf) as previously described  (28,29). The 
thermocycling conditions were as follows: Pre‑degeneration 
at 95˚C for 15 min, followed by 40 cycles at 95˚C for 5 sec, 
and annealing at 60˚C for 30 sec. The highly conserved and 

universally expressed small nuclear RNA U6 was used as an 
endogenous control to normalize the miRNA RT‑qPCR data. 
β‑actin expression was used for the normalization of S1PR1 
expression. All primers were synthesized by Thermo Fisher 
Scientific, Inc. The following primers were used: S1PR1 
forward, 5'‑CAG​CAA​ATC​GGA​CAA​TTC​CT‑3' and reverse, 
5'‑GCC​AGC​GAC​CAA​GTA​AAG​AG‑3'; β‑actin forward, 
5'‑CCT​GGC​ACC​CAG​CAC​AAT‑3' and reverse, 5'‑GGG​CCG​
GAC​TCG​TCA​TAC‑3'; CXCL3: Forward, 5'‑TCC​GTG​GTC​
ACT​GAA​CTG​C‑3' and reverse, 5'‑AGT​TGG​TGC​TCC​CCT​
TGT​TC‑3'; PPP3R1: Forward, 5'‑TGG​AAG​AGT​TCA​TGT​
CTC​TGC​CTG​A‑3' and reverse, 5'‑TGA​CAC​TGA​ACT​GAG​
AGA​CGC​CCT‑3'; miR‑181b‑5p: Forward, 5'‑CCA​GCT​GGG​
CTC​ACT​GAA​CAA​TGA‑3' and reverse, 5'‑CAA​CTG​GTG​
TCG​TGG​AGT​CGG​C‑3'; and U6: Forward, 5'‑CTC​GCT​TCG​
GCA​GCA​CAT‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​
TGC​GT‑3'. RT‑qPCR data were analyzed using the 2‑ΔΔCq 
method (30).

Luciferase assays. TargetScan version 7.2 (targetscan.org) and 
miRanda (version mirSVR; microrna.org/microrna/home.do) 
were used to predict the target gene of miR‑181b‑5p. The 
3'‑UTR region of S1PR1 and a seven‑nucleotide mutated 
sequence located at 1,019‑1,026 bp were cloned into a pmiR 
plasmid (Thermo Fisher Scientific, Inc.) to generate the 
recombinant constructs, pmiR‑S1PR1‑wild‑type (WT) and 
pmiR‑S1PR1‑mutated (MUT), respectively. For the luciferase 
assay, HTR‑8/SVneo cells were seeded onto 12‑well plates 
at a density of 1x105 cells/well and co‑transfected with 1 µg 
pmiR‑S1PR1‑WT or pmiR‑S1PR1‑MUT and 1 µg miR‑181b‑5p 
mimics or mimics control using Lipofectamine  2000 
(Thermo Fisher Scientific, Inc.). Cells were cultured at 37˚C 
and harvested after 24 h and Renilla and firefly luciferase 
activity was analyzed using a Dual‑luciferase Reporter assay 
system (Promega Corporation). Renilla luciferase activity was 
normalized to firefly luciferase activity.

Western blotting. Total protein was extracted from cells 
and tissue using RIPA lysis buffer (Beyotime Institute of 
Biotechnology) supplemented with protease inhibitors 
(Beyotime Institute of Biotechnology). A BCA kit (Thermo 
Fisher Scientific, Inc.) was used to detect the protein concen-
tration. Protein samples (30 µg/sample) were separated via 
10% SDS‑PAGE and then transferred to PVDF membranes. 
After blocking with 5% non‑fat dry milk at room temperature 

Table I. Clinical characteristics of PE pregnancies and CH.

Variable	 PE (n=20)	N P (n=20)	C H (n=20)	 P‑value (PE vs. NP)	 P‑value (CH vs. NP)

Maternal age, years	 30.7±5.8	 31.3±4.6	 32.4±3.2	 >0.05	 >0.05
Week of pregnancy	 35.2±3.9	 38.5±2.1	 After pregnancy	 >0.05	 ‑
Birth weight, g	 2,412±872	 3,312±415	 ‑	 <0.05	 ‑
Systolic blood pressure, mmHg	 165±20.5	 111±10.4	 117±13.5	 <0.01	 >0.05
Diastolic blood pressure, mmHg	 109±16.1	 71±8.3	 76±6.4	 <0.01	 >0.05
Proteinuria, g/day	 5.23±1.34	 <0.3	 <0.3	 <0.01	 >0.05

NP, normal full‑term pregnancy; PE, preeclampsia; CH, choriocarcinoma.

Table II. Clinical characteristics of SA and NV in the first 
trimester.

			   P‑value
Variable	 SA (n=20)	N V (n=20)	 (SA vs. NV)

Maternal age, years	 32.6±3.6	 30.9±5.2	 >0.05
Week of pregnancy	 8.4±2.5	 9.1±1.3	 >0.05

SA, spontaneous abortion; NV, normal early pregnancy.
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for 1 h, the membranes were incubated overnight (4˚C) with 
primary antibodies: S1PR1 (1:1,000; cat. no. ab77076; Abcam), 
matrix metalloproteinase (MMP)‑2 (1:1,000; cat. no. AF5330; 
Affinity Biosciences), MMP‑9 (1:1,000; cat. no. A F5228; 
Affinity Biosciences), GAPDH (1:10,000; cat. no. ab9485; 
Abcam) and β‑actin (1:5,000; cat. no. 60008‑1‑Ig; ProteinTech 
Group, Inc.). After three washes with TBS containing 0.1% 
Tween‑20, the membranes were incubated with horseradish 
peroxidase‑conjugated secondary antibodies (goat anti‑rabbit; 
1:5,000; cat. no. ab6721; Abcam) for 1 h at room temperature. 
Specific immunoreactive protein bands were visualized using 
an enhanced chemiluminescence protein detection kit (EMD 
Millipore). The quantification of the western blotting results 
was performed using ImageJ software version 1.8.0 (National 
Institutes of Health).

Statistical analysis. All data were analyzed using SPSS 17.0 
(SPSS, Inc.) and presented as the mean ± SD based on at least 
three independent experiments. Unpaired Student's t‑test was 
used to perform comparisons of two groups, and Dunnett's 

test was used following one‑way ANOVA to assess multiple 
comparisons. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑181b‑5p is upregulated in low invasive event samples and 
downregulated in highly invasive event samples. To explore 
the function of miR‑181b‑5p in the events caused by abnormal 
trophoblast invasion, plasma and tissue samples were 
collected from multiple conditions with abnormal invasion 
capacity, including SA (impaired trophoblast invasiveness), 
PE (impaired trophoblast invasiveness) and CH (excessive 
invasiveness). The miR‑181b‑5p expression of the samples 
was detected using RT‑qPCR. These results demonstrated 
that circulating miR‑181b‑5p was significantly upregulated in 
the SA and PE groups, but downregulated in the CH group, 
compared with the respective controls (Fig. 1A). The results 
using tissue samples were consistent with the plasma samples 
(Fig. 1B). These findings suggested the potential importance 

Figure 1. Expression levels of miR‑181b‑5p change with the invasiveness of pregnancy‑related events. Differential miR‑181b‑5p expression in (A) plasma 
samples and (B) tissues samples of NP, PE, CH, NV, and SA were determined by RT‑qPCR. (C) Overexpression and inhibition of miR‑181b‑5p in HTR‑8/SVneo 
cells was demonstrated by RT‑qPCR. The results are presented as the mean ± SD of at least three experimental repeats. *P<0.05, ***P<0.001. NP, normal 
full‑term pregnancy; PE, preeclampsia; CH, choriocarcinoma; NV, normal early pregnancy; SA, spontaneous abortion; miR, microRNA; RT‑qPCR, reverse 
transcription‑quantitative PCR.
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of miR‑181b‑5p in the pathogenesis of these events caused by 
abnormal trophoblast invasion.

To further evaluate the biological functions of miR‑181b‑5p 
in events with abnormal trophoblast invasion, up‑ or down-
regulated miR‑181b‑5p expression levels were induced in 
HTR‑8/SVneo cells by transfection with miR‑181b‑5p mimics 
or inhibitors, respectively (Fig. 1C).

miR‑181b‑5p reduces migration and invasion of HTR‑8/SVneo 
cells. Wound healing and Transwell assays were conducted to 
explore the roles of miR‑181b‑5p in trophoblast cell migra-
tion and invasion. As shown in Fig. 2A, overexpression of 
miR‑181b‑5p suppressed HTR‑8/SVneo cell migration, while 
downregulation of miR‑181b‑5p significantly promoted 
HTR‑8/SVneo cell migration. Similar results were observed 
in the Transwell assay experiments (Fig. 2B); as hypothesized, 
miR‑181b‑5p overexpression inhibited, and knockdown 
of miR‑181b‑5p significantly increased, the invasion of 
HTR‑8/SVneo cells. Furthermore, to investigate the effect 
of miR‑181b‑5p on the invasion‑related enzymes, MMP‑2 
and MMP‑9, in HTR‑8/SVneo cells, western blotting was 
performed. At different stages of embryo implantation, 

trophoblast cells secrete different quantities and types of 
MMP, among which MMP‑2 and MMP‑9 are the most impor-
tant enzymes involved in trophoblastic invasion (31). It was 
revealed that the expression of MMP‑2 and MMP‑9 was 
decreased by miR‑181b‑5p mimics treatment, whilst MMP‑2 
and MMP‑9 expression was increased by miR‑181b‑5p inhibitor 
treatment (Fig. 2C). Collectively, these results demonstrated 
that miR‑181b‑5p could suppress the migratory and invasive 
abilities of trophoblasts.

S1PR1 is a direct target of miR‑181b‑5p. To investigate the 
molecular mechanisms via which miR‑181b‑5p suppressed the 
invasion and migration of trophoblasts, the potential targets 
of miR‑181b‑5p were searched for using the miRNA target 
prediction tools TargetScan and miRanda. miR‑181b‑5p was 
found to target the 3'‑UTR region of three genes: S1PR1, 
C‑X‑C motif chemokine ligand 3 and protein phosphatase 3 
regulatory subunit B, α. Further RT‑qPCR analysis suggested 
that, of these three, S1PR1 mRNA was most markedly affected 
by miR‑181b‑5p overexpression in trophoblast cells (data not 
shown); therefore, S1PR1 was selected for further experimenta-
tion. Fig. 3A showed the S1PR1 sequence complementary to 

Figure 2. Effects of transient overexpression or knockdown of miR‑181b‑5p on the migratory and invasive abilities of HTR‑8/SVneo cells. (A) HTR‑8/SVneo 
cell migration was inhibited upon transfection with miR‑181b‑5p mimics and enhanced upon transfection with miR‑181b‑5p inhibitor. (B) Transfected cells 
were assessed by Transwell assays. HTR‑8/SVneo cell invasion was inhibited upon transfection with miR‑181b‑5p mimics and enhanced upon transfection with 
miR‑181b‑5p inhibitor. (C) Western blotting analysis showed that the expression levels of MMP‑2 and MMP‑9 were significantly decreased in miR‑181b‑5p 
mimics‑treated cells and increased in miR‑181b‑5p inhibitor‑treated cells compared with corresponding controls. The results are presented as the mean ± SD 
of at least three experimental repeats. *P<0.05, **P<0.01, ***P<0.001. MMP, matrix metalloproteinase; NC, negative control; miR, microRNA.

https://www.spandidos-publications.com/10.3892/mmr.2020.11515
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miR‑181b‑5p. In order to confirm that S1PR1 might be a direct 
target of miR‑181b‑5p, luciferase assays were performed by 
co‑transfection of pmiR‑S1PR1 luciferase reporter plasmids and 
miR‑181b‑5p mimics. The results showed that transfection with 
miR‑181b‑5p mimics significantly reduced luciferase activity 
of S1PR1‑WT, but had no effect on the S1PR1‑MUT (Fig. 3B). 
RT‑qPCR and western blotting further validated that S1PR1 
was a target of miR‑181b‑5p: S1PR1 mRNA and protein expres-
sion in trophoblasts were both decreased after administration 
of miR‑181b‑5p mimics and upregulated after transfection 
with miR‑181b‑5p inhibitor (Fig. 3C and D). Taken together, 
these results strongly indicated that miR‑181b‑5p directly and 
specifically binds to the target site in the 3'‑UTR of S1PR1.

Expression of S1PR1 in abnormal trophoblast invasion‑related 
events. To evaluate whether the expression of S1PR1 is associ-
ated with miR‑181b‑5p expression in diseased states, mRNA 
and protein expression levels of S1PR1 were examined by 
RT‑qPCR and western blotting in tissues from multiple condi-
tions with abnormal trophoblast invasion. As compared with 
normal placenta or normal villus tissues, S1PR1 mRNA and 
protein expression was found to be significantly downregulated 
in the PE and SA groups, but upregulated in the CH group 
(Fig. 4A and B). This suggested that miR‑181b‑5p expression 

was negatively associated with S1PR1 expression in tissue 
samples from normal pregnancies and abnormal trophoblast 
invasion‑related events.

Overexpression of S1PR1 attenuates the effects induced by 
miR‑181b‑5p in trophoblast cells. To determine whether the 
suppressive effect of miR‑181b‑5p on trophoblast invasion was 
mediated by S1PR1 repression, S1PR1 was overexpressed in 
HTR‑8/SVneo cells. As shown in Fig. S1, the expression of 
S1PR1 mRNA was significantly upregulated after plasmid 
transfection. Subsequently, miR‑181b‑5p was overexpressed 
together with S1PR1 in HTR‑8/SVneo cells to perform a rescue 
experiment. Of note, the migration and invasion assay results 
showed that restoring expression of S1PR1 counteracted the 
inhibitory effects of miR‑181b‑5p overexpression on the 
migration and invasion of the trophoblast cells (Fig. 5A and B). 
These data indicated that miR‑181b‑5p suppressed trophoblast 
migration and invasion at least partially by inhibiting S1PR1.

Discussion

Trophoblast invasion has been one of the major foci of placental 
research due to its pivotal role in the process of embryo 
implantation and placentation. A number of similarities of 

Figure 3. S1PR1 is a direct target of miR‑181b‑5p. (A) Sequence alignment via bioinformatics analysis between miR‑181b‑5p and its putative binding site 
in the S1PR1 3'‑UTR. (B) Luciferase activities of reporter vectors containing either the WT or the MUT S1PR1 3'‑UTR were measured in the presence of 
miR‑181b‑5p mimic or mimic‑NC. ***P<0.001. (C) Relative S1PR1 mRNA expression in HTR‑8/SVneo cells after being transfected with miR‑181b‑5p mimics, 
mimic‑NC, miR‑181b‑5p inhibitor or inhibitor‑NC. (D) S1PR1 relative protein expression in HTR‑8/SVneo cells after being transfected with miR‑181b‑5p 
mimics, mimic‑NC, miR‑181b‑5p inhibitor or inhibitor‑NC. The results are presented as the mean ± SD of at least three experimental repeats. **P<0.01, 
***P<0.001. WT, wild‑type; MUT, mutated; NC, negative control; UTR, untranslated region; miR, microRNA; S1PR1, sphingosine‑1‑phosphate receptor 1.
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invasion behavior exist between trophoblasts and cancer 
cells  (25). However, trophoblast invasion is transient with 
rigorous spatial and temporal confines (32). Multiple studies 
have verified that disorders of trophoblast invasion could 
trigger a series of pregnancy‑related events at various stages of 
pregnancy: Abnormalities in vascular invasion of trophoblast 
in non‑arterial vessels, such as veins and lymphatic vessels, 
were observed in the early miscarriage (6); PE was found to 
derive from a defect in trophoblast invasion that resulted in 
impaired uterine spiral artery remodeling in the second or 
third trimester (33,34); and abnormally extensive invasion of 
trophoblasts was suggested to lead to premalignant or malignant 
conditions, such as CH after pregnancy (10,22). miRNAs have 
emerged as crucial regulators that mediate cellular activities, 
including invasion (35). Accumulating evidence has suggested 
that miRNAs are associated with placental formation and 
embryonic development by affecting the biological function 
of trophoblasts (36). However, most prior studies evaluated 
the association between miRNAs and trophoblasts' biological 
function only in a single event. In the present study, samples 

were collected from multiple events with abnormal invasion 
capacity and miR‑181b‑5p expression was examined in each 
group of events. The results showed that miR‑181b‑5p was 
decreased in both plasma and tissue samples of CH (excessive 
invasiveness), but elevated in SA and PE (impaired invasive-
ness), which suggested an important role for miR‑181b‑5p in 
trophoblast invasion‑related adverse pregnancy outcomes.

miR‑181b‑5p is a member of the miR‑181 family (miR‑181a‑d). 
Functional studies have indicated that miR‑181b‑5p may affect 
malignant cell migration and invasion (23,37). For example, 
miR‑181b suppresses invasion and migration of glioma cells 
by targeting NOVA alternative splicing regulator 1  (23). 
Furthermore, in the present study, miR‑181b‑5p expression 
was observed in the trophoblast cell line HTR‑8/SVneo, which 
is similar to EVT cells (27). Wound healing and Transwell 
assays demonstrated that pretreatment with miR‑181b‑5p 
mimic or inhibitor suppressed or promoted, respectively, the 
invasion and migration of HTR‑8/SVneo cells. These results 
were further verified by examining invasion‑related proteins 
MMP‑2 and MMP‑9. Based on these results, it was indicated 

Figure 4. mRNA and protein expression levels of S1PR1 in tissue samples. (A) Composite image shows gels with tracks from different exposures. Compared 
with NP, S1PR1 protein levels in the PE group were found to be significantly downregulated, but those in the CH group were upregulated. Compared with 
NV tissues, S1PR1 protein levels in the SA group were found to be significantly downregulated. Bands were semi‑quantitatively compared between groups. 
(B) Relative mRNA expression of S1PR1 in the peripheral blood samples of normal pregnant women and women with abnormal trophoblast invasion‑related 
events. The results are presented as the mean ± SD of at least three experimental repeats. *P<0.05, **P<0.01. NP, normal full‑term pregnancy; PE, preeclampsia; 
CH, choriocarcinoma; NV, normal early pregnancy; SA, spontaneous abortion; S1PR1, sphingosine‑1‑phosphate receptor 1.
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that miR‑181b‑5p may suppress trophoblast invasion by 
inhibiting the levels of MMP‑2 and MMP‑9.

In the present study, S1PR1 was identified as a candidate 
target gene of miR‑181b‑5p through two publicly available algo-
rithms, TargetScan and miRanda. Luciferase reporter assays 
indicated that miR‑181b‑5p could inhibit S1PR1 expression by 
directly binding to the 3'‑UTR of S1PR1, which was validated 
by RT‑qPCR and western blotting. In addition, further rescue 
experiments suggested that overexpression of S1PR1 weakened 
the inhibitory effects of miR‑181b‑5p on trophoblast migration 
and invasion. S1PR1, also known as endothelial differentia-
tion gene 1, is a G protein‑coupled receptor implicated in the 
regulation of vascular remodeling, endothelial barrier integrity 
and vascular tone (38). Uterine spiral artery remodeling and 
trophoblast invasion are important for increasing uteropla-
cental blood flow and lowering maternal vascular resistance 
in pregnancy  (39). It is widely accepted that successful 
placentation depends on the proper invasion of EVT cells into 
maternal tissues. Previous studies demonstrated that S1PR1 is 
expressed in human EVT cells (40), and that S1P could regulate 
migration and invasion of the trophoblast cells via S1P recep-
tors (41,42). Evidence suggests that S1P/S1PR1 axis activation 
causes induction of MMP‑2 and MMP‑9, and thus enhances 
invasion and migration (42,43). In the present study, it was 
reported for the first time that the invasion‑inhibiting effect 
of miR‑181b‑5p is mediated at least partially by suppressing 
S1PR1. HTR‑8/SVneo cells were selected due to their simi-
larity to EVT cells. In future studies, the in vitro functional role 

of miR‑181b‑5p should be validated in primary cells, which are 
a closer model of the physiological conditions. In addition, the 
data presented in the present study were mainly obtained from 
human trophoblast cell lines in vitro; therefore, in future experi-
ments, in vivo models should be used to explore miR‑181b‑5p 
function and its underlying mechanism in the pathogenesis of 
multiple abnormal trophoblast invasion‑associated events.

In summary, to the authors' best knowledge, the present 
study provides the first evidence that dysregulated miR‑181b‑5p 
contributes to pregnancy‑related events by affecting the migration 
and invasion of trophoblast cells via direct targeting of S1PR1.
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