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MiR-200b-3p is upregulated in the placental tissues from patients with 
preeclampsia and promotes the development of preeclampsia via targeting 
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ABSTRACT
Preeclampsia is a serious pregnancy disorder affecting both maternal and fetal health. However, 
the pathogenesis of preeclampsia has not been fully understood. This study aimed to investigate 
the key microRNAs (miRNAs) in the development of preeclampsia. A high-throughput miRNA 
sequencing analysis for the placental tissues from patients with preeclampsia and healthy controls 
was conducted, followed by investigation of differentially expressed miRNAs (DEMs) and func
tional enrichment analysis. Moreover, the expression of a key DEM, named miR-200b-3p, in the 
preeclampsia patients was validated, and the effects of miR-200b-3p overexpression on the 
proliferation, migration, and apoptosis of HTR8 trophoblast cells were investigated in vitro. 
Furthermore, the target gene of miR-200b-3p was investigated based on gene expression profile 
GSE177049 and miRWalk 2.0 database. The target relationship between miR-200b-3p and profilin 
2 (PFN2) was investigated in vitro. A total of 12 DEMs including miR-200b-3p were identified 
between preeclampsia placental tissues and control placental tissues, which were significantly 
enriched in several pathways, such as cell adhesion molecules (CAMs) and tight junction. 
Moreover, increased expression of miR-200b-3p was revealed in the placental tissues of pree
clampsia patients, and overexpression of miR-200b-3p suppressed cell proliferation and migration 
but promoted apoptosis of trophoblast cells. Furthermore, PFN2 was confirmed as a target of miR- 
200b-3p, and overexpression of PFN2 reversed the inhibitory effects of miR-200b-3p overexpres
sion on trophoblast cell migration. Our findings reveal that miR-200b-3p is upregulated in the 
placental tissues of patients with preeclampsia and promotes preeclampsia development via 
PFN2. miR-200b-3p may serve as a promising therapeutic target against preeclampsia.
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Introduction

Preeclampsia is an obstetric disorder character
ized by new-onset hypertension and proteinuria 
after 20 weeks of gestation [1]. It affects 2% to 
8% of pregnancies worldwide [2] and is a major 
cause of both maternal and fetal morbidity and 
mortality [3]. Moreover, preeclampsia is asso
ciated with an increased risk of developing 
hypertension, diabetes mellitus, and cardiovas
cular complications later in life for both the 
mother and her child [4]. Currently, few effec
tive treatments are available for patients with 
preeclampsia in clinics. The delivery of the 
fetus and placenta is considered as the only 
available cure for preeclampsia, which reduces 
proinflammatory substances in the maternal 

cardiovasculature [5,6]. However, the pathogen
esis of preeclampsia remains elusive.

MicroRNAs (miRNAs) are small (about 18–24 
nucleotides in length) noncoding single-stranded 
RNAs responsible for regulating 40% to 60% of 
gene expression at the posttranscriptional level [7]. 
Growing studies have indicated that miRNAs per
form critical roles in the pathobiology of pree
clampsia [8–10]. For instance, overexpression of 
miR-30a-3p in the placentas is associated with the 
pathogenesis of preeclampsia [11]; miR-655-3p 
contributes to the development of preeclampsia 
by regulating biological features of trophoblasts 
[12]. Moreover, differentially expressed miRNAs 
(DEMs) may be implicated in preeclampsia devel
opment, since the biological processes involving 
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these miRNAs have been shown to be similar to 
those involved in preeclampsia [13–15]. A very 
recent study also reveals that several miRNAs 
have exhibited diagnostic potential as biomarkers 
in the detection of preeclampsia [16]. Taken 
together, the identification of key miRNAs under
lying preeclampsia will foster the development of 
diagnostic biomarkers or effective therapeutic stra
tegies. Nevertheless, the crucial miRNAs involved 
in preeclampsia development have not yet been 
fully investigated.

In the present study, we performed a high- 
throughput miRNA sequencing analysis to inves
tigate DEMs and their enriched pathways in 
patients with preeclampsia. We then validated the 
expression of a key DEM, named miR-200b-3p, in 
patients with preeclampsia and investigated the 
role of overexpression of miR-200b-3p in prolif
eration, migration, and apoptosis of trophoblast 
cells in vitro. Furthermore, the target gene of 
miR-200b-3p was explored to elucidate its regula
tory mechanism. Our findings may expand our 
understanding regarding the pathogenesis of pre
eclampsia and provide a potential biomarker for 
the prevention and treatment of this disease.

Materials and methods

Tissue specimens

The study was approved by the Ethics Committee 
of Shandong Provincial Hospital (SWYX: 
NO. 2021–352), and the need to obtain informed 
consent was waived.

Fifteen pregnant women who were diagnosed 
with preeclampsia and gave birth by cesarean sec
tion in our hospital were included. According to 
the diagnostic criteria for preeclampsia (referred to 
the 9th edition of Obstetrics and Gynecology [17]), 
pregnant women with normal blood pressure 
developed hypertension after ≥20 weeks of gesta
tion, accompanied by at least one of the following 
new conditions: (1) proteinuria; (2) function insuf
ficiency of other maternal organs, including acute 
kidney injury, liver involvement with or without 
epigastric pain, neurological symptoms, and hema
tological involvement; and (3) uterine-placental 
dysfunctions, such as fetal growth restriction, 
abnormal umbilical artery flow or intrauterine 

death. All subtypes of preeclampsia were enrolled, 
including early-onset preeclampsia (gestational age 
<34 weeks + 0); late-onset preeclampsia (gesta
tional age ≥34 weeks + 0); and chronic hyperten
sion with superimposed preeclampsia. Fifteen 
pregnant women who gave birth by cesarean sec
tion due to breech position and scar uterus were 
included as controls. Exclusion criteria: premature 
rupture of membranes; conception with assisted 
reproductive technology; teratogenic or stillbirth; 
multiple pregnancies (≥2 births); and people who 
were addicted to alcohol, drugs, and drug abuse.

During the cesarean section, within 5 min of 
delivery of the placenta, placental tissues with 
a size of 1 × 1 cm were cut from the center of 
the vertical section of the placenta where the 
umbilical cord was attached, to avoid infarction, 
hemorrhage, and calcification. The placental tis
sues were rinsing with the ice-code normal saline 
to remove blood, cut into pieces, frozen in liquid 
nitrogen, and then stored at a − 80°C refrigerator.

High-throughput sequencing

Six placental tissues, including three placental tis
sue samples (SPE1, SPE2, and SPE3) from patients 
with preeclampsia and three control samples 
(Con1, Con2, and Con3) from healthy controls, 
were subjected to high-throughput sequencing. 
Total RNA was extracted from the placental tissues 
using RNAzol RT RNA Isolation Reagent 
(GeneCopoela, Rockville, MD, USA). The quantity 
and integrality of the total RNA was detected by 
Agilent2100 (Agilent, USA). After polyacrylamide 
gel electrophoresis purification of small RNA 
molecules (18–30 nt) and 3’- and 5’-end ligation, 
the small RNA molecules were amplified and used 
for library construction. The quality and quantity 
of the established library was tested using an 
Agilent 2100 Bioanalyzer and ABI StepOnePlus 
Real-Time PCR System. A small RNA sequencing 
analysis was then conducted using an Illumina 
HiSeqTM2500 system (Illumina, CA, USA).

Data filtering and sequence alignment

To ensure the reliability of the results, data filtering 
was performed. In detail, the reads with low sequen
cing quality, with unknown base N content greater 

1946 H. LIU AND X. WANG



than 5%, with contaminated 5’ adapter sequence or 
no insertion fragments, and without 3’ adapter 
sequence were removed. Moreover, the reads con
taining polyA and shorter than 18 nt were excluded. 
After data filtering, the clean reads were saved in 
FASTQ format. Blast software was used to compare 
the sequencing tags with miRBase database to iden
tify known miRNAs. To obtain more miRNAs, the 
novel miRNAs were predicted by mapping the clean 
reads to the human reference genome using 
SOAPaligner software (soap2.21; http://soap.geno 
mics.org.cn/soapaligner.html).

Differential expression analysis of miRNAs

The DEMs between preeclampsia samples and 
control samples were analyzed using the DEseq2 
package [18]. The cutoff value was set as |log2 fold 
change (FC)| > 1 and p < 0.05. To visualize the 
DEMs, volcano plot and hierarchical clustering of 
miRNAs were conducted.

Functional enrichment analysis of target genes 
of DEMs

To understand the function of DEMs, the target 
genes of DEMs were predicted using the miRanda 
[19], and targetscan [20] databases, respectively. 
The overlapping target genes from the two datasets 
were subjected to Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analyses using phyper func
tion in R. The p value was subjected to false dis
covery rate (FDR) adjustment, and FDR ≤ 0.01 
indicated a significant enrichment result.

Prediction of target genes of miR-200b-3p

To further investigate the target genes of miR-200b- 
3p, the gene expression profile GSE177049 was 
downloaded from Gene Expression Omnibus data
base. In this dataset, the RNA sequencing data for 
placenta samples from five early-onset preeclampsia 
(EO-PE) cases and five preterm birth (PTB) con
trols were used. The differentially expressed genes 
(DEGs) between EO-PE cases and PTB controls 
were analyzed using limma package [21] in R. The 
cutoff value was set as |logFC| > 0.585 and p < 0.05. 
Volcano plot and hierarchical clustering were also 

conducted to visualize the DEGs. Based on 
miRWalk 2.0 database, the target genes of miR- 
200b-3p was predicted. The predicted target genes 
should be presented in at least seven of the follow
ing databases, including miRWalk, Microt4, 
miRanda, mirbridge, miRDB, miRMap, 
miRNAMap, Pictar2, PITA, RNA22, RNAhybrid, 
and Targetscan. Other prediction parameters are 
database defaults. By further intersection analysis 
of the above-obtained DEGs and predicted target 
genes, the overlapping genes were regarded as the 
target genes of miR-200b-3p in the development of 
preeclampsia.

Quantitative real-time polymerase chain reaction 
(qPCR)

Total RNA was prepared from clinical placental tis
sues from patients with preeclampsia and healthy 
controls using Trizol reagent (CW Bio Co., Ltd., 
Beijing, China) according to the manufacturer’s 
instructions. Subsequently, total RNA was reverse 
transcribed into cDNA using the HiFiScript cDNA 
Synthesis kit (CW Bio Co., Ltd.). qPCR was per
formed using specific primers and SYBR Master 
Mixture Taq kit (CW Bio Co., Ltd.) with an ABI 
7500 Real-time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
The sequences of the primers were as follows: miR- 
200b-3p, 5’-GCGCGTAATACTGCCTGGTAA-3’ 
(forward) and 5’-AGTGCAGGGTCCGAGGTATT 
-3’ (reverse); U6, 5’-GTGCTCGCTTCGG 
CAGCACATAT-3’ (forward) and 5’-AGTGCAGGG 
TCCGAGGTATT-3’ (reverse); profilin 2 (PFN2), 5’- 
CAACGGTTTGACTCTTGGCG-3’ 
(forward) and 5’-TGCCGACAGCCACATTGTAT-3’ 
(reverse); and actin, 5’-AGACCTGTACG 
CCAACACAG-3’ (forward) and 5’-CGGACT 
CGTCATACTCCTGC-3’ (reverse). U6 and actin 
were used as the internal controls for miR-200b-3 
and PFN2, respectively. The relative expression level 
was calculated using the 2−ΔΔCt method.

Cell culture

Human trophoblast HTR8 cell line was purchased 
from Cell Bank of Shanghai Institutes for Biological 
Sciences, Chinese Academy of Sciences. HTR8 cell 
were cultured in Dulbecco’s modified Eagle’s 
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medium (DMEM, Gibco, USA) containing 10% 
heat-inactivated fetal bovine serum (FBS, Gibco, 
USA), and then maintained in a 37°C humidified 
incubator with 5% CO2.

Cell transfection

HTR8 cells were plated into 6-well plates and 
grown until 80% confluency. HTR8 cells were 
then transfected with miR-200b-3p mimics and 
their negative control (NC) using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA). After 48 h of 
transfection, cells were harvested for the subse
quent experiments.

A PFN2 overexpression vector (OE-PFN2) was 
constructed by cloning the full-length wild-type 
PFN2 coding sequence into pEGFP-N1 vector. 
The empty construct pEGFP-N1 was used as the 
negative control. Cells were transfected with lenti
virus for OE-PFN2 and OE-NC at an appropriate 
multiplicity of infection (MOI). Transfection was 
also performed using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA). After 48 h of transfec
tion, cells were harvested for the subsequent 
experiments.

CCK8 assay

After transfection, HTR8 cells (2000 cells) were 
seeded onto 96-well plates. At the indicated time 
points (0, 24, 48, 72, and 96 h), 10  μl of CCK-8 
reagent (Cat# HY-K0301, Med Chem Express, NJ, 
USA) was added to each well and continued to 
incubate the cells for 1–4 h at 37°C. The optical 
density (OD) value of each well was detected with 
a microplate reader (Tecan Infinite F50, Tecan, 
Männedorf, Switzerland).

Transwell migration assay

The Transwell inserts (8-μm pore size, #3422, 
Corning, USA) were added into 24-well plates, 
and 100 μl serum-free media was added to incu
bate the inserts for 1–2 h. The cells at the loga
rithmic growth stage in different groups were 
trypsin digested, suspended in serum-free media, 
and then seeded into the upper Transwell inserts. 
The 600 μL medium containing 30%FBS was then 
added into the lower Transwell inserts. After 

incubation for 24 h, cells in the upper Transwell 
inserts were wiped with cotton swab. The 
Transwell inserts were stained with 0.1% crystal 
violet for 20 min. After rinsing several times, the 
migrated cells in the lower Transwell inserts were 
imaged and counted using a fluorescent micro
scope (Olympus, Tokyo, Japan).

Scratch wound-healing assay

A marker pen was used to draw lines on the back 
of dishes. The HTR8 cells (5 × 105 cells/well) were 
plated in culture dishes. Cells were cultured over
night and formed a confluent monolayer. Then, 
a linear scratch wound was created in a straight 
line with a pipet tip. Scratched wells were rinsed 
three times with PBS to remove the debris. 
Afterward, the serum-free media were added to 
culture cells for 24 h at 37°C in a humidified 
incubator with 5% CO2. At 0 and 24 h after 
scratch, wound closure was photographed and 
analyzed.

Flow cytometry for detection of cell apoptosis

Cell apoptosis of different groups was detected by 
the FITC-Annexin V Apoptosis Detection Kit (BD 
Biosciences) using flow cytometry. Briefly, HTR8 
cells in different groups were starved in a serum- 
free medium for 24 h. Cell (1 × 106 cells/ml) were 
then harvested, followed by a double staining with 
5 μl FITC-Annexin V and 10 μl Propidium iodide 
(PI). After incubation at room temperature and in 
the dark for 5 min, the percentage of apoptotic 
cells was detected with a flow cytometry 
(FACScan; BD Biosciences) and analyzed using 
Flowjo software (TreeStar).

Dual-luciferase reporter gene assay

The wild-type (WT) or mutated-type (MUT) 
PFN2-3ʹUTR was, respectively, cloned into the 
psiCHECKTM-2 plasmids (Promega, Madison, 
Wisconsin, USA) to construct dual-luciferase 
reporter vectors, named PFN2-WT or PFN2- 
MUT luciferase reporter vectors. HEK293 T cells 
(2 × 104 cells/well) were seeded into 96-well plates 
and cotransfected with the PFN2-WT or PFN2- 
MUT luciferase reporter vectors and miR-200b-3p 
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mimics or mimic NC using Lipofectamine 2000 
(Invitrogen). At 48 h after transfection, the lucifer
ase activity of the cells was detected in the dual- 
Luciferase Reporter Assay System (E1910, 
Promega). Renilla luciferase activity was standar
dized for firefly activity, and the relative luciferase 
activity was calculated.

Western blot assay

Cells in different treatment groups were lysed with 
1 × RIPA lysis buffer (Beyotime, Haimen, China) 
on ice for 10–15 min and then centrifuged at 
12,000 g for 5 min. Total proteins were collected, 
followed by detection of their concentration using 
a BCA method. The protein (20 μg) was separated 
on 10% SDS-polyacrylamide gels and transferred 
onto polyvinylidene fluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA). The membranes 
were blocked with 5% skimmed milk, probed with 
rabbit anti-PFN2 antibody (1:1000, ABclonal, 
Cambridge, MA, USA) and mouse anti-GAPDH 
antibody (1:5000, Proteintech, Inc., CA, USA) at 
4°C overnight, and incubated with secondary anti
bodies (HRP Goat Anti-Rabbit IgG (H + L) or 
HRP Goat Anti-Mouse IgG (H + L), 1:5000, 
ABclonal) at room temperature for 1 h. After rin
sing, the protein blots were visualized using ECL 
method (Pierce, Thermo Scientific, Waltham, 
USA) and analyzed using Image J software.

Statistical analysis

Measurement data were analyzed using the 
Shapiro–Wilk test to determine the normal distri
bution of all variables. Data conforming to the 
normal distribution are expressed as the mean ± 
standard deviation (SD). T test was used to analyze 
the differences between the two groups and a one- 
way ANOVA following by Tukey’s post hoc test 
was applied to compare differences among 

multiple groups. Otherwise, data were presented 
as median (interquartile range) and compared 
with the Wilcoxon rank sum test. Statistical ana
lyses were accomplished using the SPSS 25.0 soft
ware (SPSS, Chicago, IL). P < 0.05 indicated 
a statistically significant result.

Results

High-throughput sequencing data

To explore key miRNAs in the development of 
preeclampsia, the miRNA sequencing for placental 
tissues from three patients with preeclampsia and 
three healthy controls was conducted using the 
Illumina sequencing technology. Table 1 shows 
the clinical characteristics of the study population 
for miRNA sequencing.

After data preprocessing, 31,314,934, 
31,072,695, 32,138,922, 30,087,385, 30,899,838, 
and 32,902,495 clean reads were obtained from 
Con1, Con2, Con3, SPE1, SPE2, and SPE3 sam
ples. After sequence alignment to the human refer
ence genome, the mapped rates of all samples were 
up to 79%, and the unique mapped rates were 
about 30% (Table 2). As results, 1814 known 
miRNAs and 1617 novel miRNAs were obtained 
from all samples.

DEMs analysis

With a cutoff value of |log2FC| >1 and p < 0.05, 12 
DEMs were identified between preeclampsia sam
ples and control samples. Among these, seven 
miRNAs, namely, hsa-miR-200b-3p, hsa-miR-708- 
5p, hsa-miR-10b-5p, hsa-miR-549a-5p, hsa-miR 
-124-3p, hsa-miR-2113, and hsa-miR-200a-3p, 
were significantly upregulated in the preeclampsia 
samples, while the other five miRNAs, including 
novel-m0267-5p, novel-m0224-3p, hsa-miR-2682- 
3p, hsa-miR-137-3p, and hsa-miR-4664-5p, were 
remarkably downregulated. A volcano plot of 

Table 1. Clinical characteristics of the study population for miRNA sequencing.
Characteristic Patients with preeclampsia (n = 3) Healthy controls (n = 3) T/Z value P value

Maternal age (years) 37.00 ± 4.58 31.00 ± 2.65 −1.964 0.121
BMI (kg/m2) 31.72 ± 3.41 31.10 ± 7.23 −0.133 0.900
Nulliparous, number (%) 0 (0.00) 2 (66.67) 2.500 0.400
Gestational age at delivery (weeks) [p50 (p25, p75)] 34 (33, 35) 34 (34, 36.5) −0.696 0.487
Birth weight of newborns (g) 2053.33 ± 655.31 2783.33 ± 563.68 1.463 0. 219
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DEMs is shown in Figure 1a. Moreover, the results 
of hierarchical clustering of miRNAs showed that 
preeclampsia samples and control samples could be 
distinguished by these DEMs (Figure 1b).

Functional enrichment analysis of the target 
genes of DEMs

Based on the information of miRanda and targets
can databases, a total of 119, 709, 690, 311, 1511, 
124, 460, 1745, 204, 756, 21, and 1246 overlapping 
target genes of hsa-miR-200b-3p, hsa-miR-708-5p, 
hsa-miR-10b-5p, hsa-miR-549a-5p, hsa-miR-124- 
3p, hsa-miR-2113, hsa-miR-200a-3p, novel- 
m0267-5p, novel-m0224-3p, hsa-miR-2682-3p, 
hsa-miR-137-3p, and hsa-miR-4664-5p were 
obtained from the two databases, respectively. To 
understand the function of DEMs, GO functions 

in different GO categories (biological process, cel
lular component, and molecular function) and 
KEGG pathways were enriched by the target 
genes of DEMs. The results showed that DEMs 
were significantly enriched in GO-biological pro
cess functions, such as cellular process, biological 
regulation, and metabolic process; GO-cellular 
component functions, like cell, cell part, and orga
nelle; and GO-molecular functions, such as bind
ing, catalytic activity, and molecular function 
regulator (Figure 2a). Moreover, the significantly 
enriched pathways of target genes of DEMs mainly 
included cell adhesion molecules (CAMs), tight 
junction, and focal adhesion (Figure 2b).

miR-200b-3p was upregulated in the placental 
tissues of patients with preeclampsia

Based on the results of miRNA sequencing data, 
we proposed that miR-200b-3p participated in the 
development of preeclampsia. Hence, qPCR was 
conducted to verify the expression of miR-200b- 
3p in 15 patients with preeclampsia and 15 healthy 
controls. The clinical characteristics of patients 
with preeclampsia and healthy controls are sum
marized in Table 3. There was no significant dif
ference in maternal age and number of nulliparous 
between the two groups. Compared to healthy 
controls, patients with preeclampsia had higher 
BMI, systolic/diastolic blood pressure, and protei
nuria, and lower Gestational age at delivery and 

Table 2. The sequence alignment results.

Sample
All Unique 

Tag
Mapped Unique 

Tag (%)
All Total 

Tag
Mapped Total 

Tag (%)

Con1 657,162 211,665 (32.21%) 31,314,934 25,017,891 
(79.89%)

Con2 664,640 207,732 (31.25%) 31,072,695 25,057,732 
(80.64%)

Con3 756,475 229,897 (30.39%) 32,138,922 26,092,346 
(81.19%)

SPE1 659,348 200,174 (30.36%) 30,087,385 23,936,512 
(79.56%)

SPE2 693,585 204,061 (29.42%) 30,899,838 25,617,534 
(82.91%)

SPE3 774,021 270,288 (34.92%) 32,902,495 27,147,984 
(82.51%)

Figure 1. Analysis of differentially expressed miRNAs (DEMs). A: A volcano plot of DEMs; B: Hierarchical clustering heatmap of DEMs.
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birth weight of newborns (P < 0.05). The results of 
qPCR showed that miR-200b-3p expression was 
significantly upregulated in the placental tissues 
of patients with preeclampsia compared to that 
in the placental tissues of controls (P < 0.01, 
Figure 3), in line with the result of miRNA 
sequencing analysis.

miR-200b-3p inhibited trophoblast cell 
proliferation and migration while promoted cell 
apoptosis

To further investigate the function of miR- 
200b-3p in preeclampsia development, miR- 
200b-3p was overexpressed in HTR8 cells by 
transfection. The cell proliferation was moni
tored by CCK-8 assay, and the results indicated 

that compared with NC group, overexpression 
of miR-200b-3p remarkably decreased the cell 
viability of HTR-8 cells after 48 h of transfec
tion (P < 0.05, Figure 4a). Moreover, both 
Transwell migration assay and scratch wound 
healing assay revealed that overexpression of 
miR-200b-3p significantly inhibited the migra
tion of HTR-8 cells (P < 0.01, Figure 4b-c). 
Furthermore, the results of flow cytometry 
revealed that the overexpression of miR-200b- 
3p dramatically promoted the apoptosis of 
HTR-8 cells (P < 0.001, Figure 4d). Our data 
demonstrated that overexpression of miR-200b- 
3p might promote the development of 
preeclampsia.

PFN2 was a functional target of miR-200b-3p 
and overexpression of PFN2 reversed the inhibitory 

Figure 2. Functional enrichment analysis for the target genes of DEMs. A: GO enrichment results; B: KEGG pathway enrichment 
results. GO: Gene Ontology. KEGG, Kyoto Encyclopedia of Genes and Genomes; DEMs, differentially expressed miRNAs.

Table 3. Clinical characteristics of the study population for quantitative real-time polymerase chain reaction (qPCR) validation.
Characteristic Patients with preeclampsia (n = 15) Healthy controls (n = 15) T/Z value P value

Maternal age (years) 34.80 ± 5.09 32.00 ± 3.40 −1.772 0.087
BMI (kg/m2) 32.79 ± 4.89 28.63 ± 4.13 −2.519 0.018
Nulliparous, number (%) 2 (13.33) 6 (40.00) 2.636 0.215
Systolic blood pressure (mmHg) 164.53 ± 17.964 110.53 ± 11.218 −9.875 <0.001
Diastolic blood pressure (mmHg) 102.27 ± 14.119 74.13 ± 7.357 −6.844 <0.001
Proteinuria (g/24 h) [p50 (p25,p75)] * 3.00 (1.00, 3.00) 0.00 (0.00,0.25) 13.500 <0.001
Gestational age at delivery (weeks) [p50 (p25, p75)] 32 (29, 36) 38 (36, 39) −3.476 0.001
Birth weight of newborns (g) 1843.33 ± 813.499 3002.67 ± 591.795 −9.875 <0.001

*Two healthy controls had no proteinuria results. 
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effects of miR-200b-3p overexpression on tropho
blast cell migration

Based on GSE177049, a total of 194 DEGs 
between EO-PE cases and PTB controls were 
obtained, including 71 up-regulated genes and 
123 down-regulated ones. The volcano plot and 
hierarchical clustering heatmap of DEGs are 
shown in Figure 5a-b. Moreover, 1198 target 
genes of miR-200b-3p was predicted using 
miRWalk 2.0 tool. By intersection analysis of the 
above-obtained DEGs and predicted target genes, 
16 overlapping genes, including PFN2 were 
obtained (Figure 5c), which were regarded as the 
target genes of miR-200b-3p in the development of 
preeclampsia. The expression level of PFN2 was 
found to be significantly down-regulated in EO-PE 
cases compared to that in PTB controls based on 
GSE177049 (Figure 5d).

The relationship between miR-200b-3p and 
PFN2 was validated by in vitro experiments. The 
results showed that the expression level of PFN2 
protein was significantly down-regulated in HTR- 
8 cells after overexpression of miR-200b-3p 
(P < 0.05, Figure 6a). The results of luciferase 
activity assay showed that only the luciferase activ
ity of PFN2-WT was significantly inhibited after 
co-transfection with miR-200b-3p (P < 0.05, 

Figure 6b). To further investigate whether miR- 
200b-3p contribute to preeclampsia via targeting 
PFN2, we overexpressed the expression of PFN2 
by transfection. The results of qPCR (Figure 6c) 
and western blot assay (Figure 6d) showed that the 
expression levels of PFN2 mRNA and protein were 
all significantly increased after transfection 
(P < 0.001), suggesting the high transfection effi
ciency. Furthermore, both Transwell migration 
assay (Figure 6e) and scratch wound healing 
assay (figure 6f) revealed that the inhibitory effect 
of miR-200b-3p overexpression on the migration 
of HTR-8 cells was significantly reversed after 
overexpression of miR-200b-3p and PFN2 at the 
same time (all P < 0.01).

Discussion

The present study demonstrated that 12 DEMs 
including miR-200b-3p were identified between pre
eclampsia placental tissues and control placental tis
sues, which were significantly enriched in several 
pathways, such as CAM and tight junction. 
Moreover, qPCR confirmed the increased expression 
of miR-200b-3p in the placental tissues from patients 
with preeclampsia, and in vitro experiments revealed 
that overexpression of miR-200b-3p could suppress 
the viability and migration but promoted the apop
tosis of trophoblast cells. Furthermore, PFN2 was 
confirmed as a functional target of miR-200b-3p 
and overexpression of PFN2 reversed the inhibitory 
effects of miR-200b-3p overexpression on tropho
blast cell migration. Collectively, these findings sug
gested that miR-200b-3p may represent a potential 
therapeutic target against preeclampsia.

Preeclampsia is considered to be a pregnancy 
complication of placental origin since the clinical 
symptoms disappear rapidly after the placenta is 
delivered [22]. The trophoblast cells, the major cell 
type in the placenta, have been shown to play 
pivotal roles in placental development [23], and 
dysfunction of the trophoblast cells is associated 
with preeclampsia [24]. Accumulating studies have 
reported that miRNAs are aberrantly expressed in 
the placenta tissues of patients with preeclampsia 
and take part in several pathophysiological pro
cesses, including the migration and apoptosis of 
trophoblast cells. For instance, miR-142-3p is 

Figure 3. Quantitative polymerase chain reaction (qPCR) 
showed the increased expression of miR-200b-3p in the pla
cental tissues of patients with preeclampsia. Data are presented 
as mean ± SD. ** indicated P < 0.01 compared with control 
group.
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upregulated expressed in preeclampsia tissues, 
whose overexpression inhibits trophoblast cell 
growth and migration [25]; miR-491-5p expres
sion is increased in the placental tissues from 
patients with preeclampsia, and its upregulation 
suppresses the migration and invasion of tropho
blast cells [26]; miR-124-3p expression is increased 
in the placental tissues of preeclampsia patients, 
and miR-124-3p overexpression in trophoblastic 
cells significantly decreased cell migration and 
invasion but increased cell apoptosis [27]; and 

miR-200a-3p is found to be upregulated in 
human preeclamptic plasma and placenta and 
contribute to preeclampsia development via target
ing transthyretin [28]. Consistent with previous 
findings, miR-124-3p and miR-200a-3p were also 
identified as DEMs in our study, suggesting an 
association between DEMs and preeclampsia.

Notably, our study revealed that miR-200b-3p 
expression was increased in the placental tissues 
from patients with preeclampsia, and overexpres
sion of miR-200b-3p could suppress the viability 

Figure 4. The effects of miR-200b-3p on the viability, migration and apoptosis of trophoblast cells in vitro. A: CCK-8 assay showed 
cell proliferation in different groups. B: Transwell migration assay showed cell migration in different groups. C: Scratch wound 
healing assay showed cell migration in different groups. D: Flow cytometry showed cell apoptosis in different groups. Significant 
differences compared with negative control (NC) group: * indicated P < 0.05, ** indicated P < 0.01, and *** indicated P < 0.001.
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and migration and promoted the apoptosis of tro
phoblast cells. Previous studies have demonstrated 
that miR-200b-3p is a key regulator of tumor cell 
functions, such as cell proliferation, migration, and 
apoptosis [29–31]. Notably, a recent microarray 
analysis of preterm preeclampsia has suggested 
that miR-200b-3p might be involved in the devel
opment of preterm preeclampsia; however, no 
experimental validation was conducted on the 
expression and function of miR-200b-3p in the 
disease [32]. Moreover, PFN2 was identified as 
a functional target of miR-200b-3p. PFN2 acts as 
an actin cytoskeleton regulator and plays 
a significant role in cell motility [33]. PFN2 has 
been reported to participate in a variety of cancers, 
such as head and neck cancer [34] and triple 
negative breast cancer [35]. Miao et al. demon
strated that PFN2 was down-regulated in patients 
with chronic thromboembolic pulmonary 

hypertension [36], suggesting the potential role of 
PFN2 in this disease. However, there was no study 
reporting the role of PFN2 in preeclampsia. Our 
study revealed that overexpression of PFN2 
reversed the inhibitory effects of miR-200b-3p 
overexpression on trophoblast cell migration, hint
ing that PFN2 was also a key player in preeclamp
sia development. Taken together, we speculate that 
the increased expression of miR-200b-3p may pro
mote the development of preeclampsia via target
ing PFN2.

In addition, dysfunction of the placenta plays 
a key role in the initiation and progression of 
preeclampsia [37,38]. Placentation can be regu
lated by several processes, such as CAMs and 
tight junctions, and some of molecules in these 
processes can modulate the trophoblast prolifera
tion, fusion, migration, invasion, and trophoblast- 
endothelium adhesion during placentation [39]. 

Figure 5. PFN2 was predicted as a potential target of miR-200b-3p. A: A volcano plot of differentially expressed genes (DEGs) 
between early-onset preeclampsia (EO-PE) cases and 5 preterm birth (PTB) controls based on gene expression profile GSE177049. B: 
Hierarchical clustering heatmap of DEGs. C: Venn plot of DEGs and predicted target genes by miRWalk 2.0 database. D: The 
expression level of PFN2 in EO-PE cases and PTB controls based on GSE177049. * indicated P < 0.05.
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Figure 6. miR-200b-3p could target PFN2 and overexpression of PFN2 reversed the inhibitory effects of miR-200b-3p 
overexpression on trophoblast cell migration in vitro. A: Western blot assay showed the expression level of PFN2 protein 
in HTR-8 cells after overexpression of miR-200b-3p. B: Dual luciferase activity assay indicated that miR-200b-3p could target 
PFN2. C: qPCR showed the expression levels of PFN2 mRNA after transfection. D: Western blot assay showed the expression 
levels of PFN2 protein after transfection. E: Transwell migration assay showed cell migration in different groups. F: Scratch 
wound healing assay showed cell migration in different groups. Significant differences compared with corresponding control 
group: * indicated P < 0.05, and *** indicated P < 0.001.
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Adhesion molecules have been revealed to partici
pate in the pathophysiology of preeclampsia 
through reducing invasion by the trophoblast and 
increasing vascular endothelial damage [40]. Tight 
junction sustains normal placental barrier func
tion, whose dysregulation under hypoxia is 
shown to participate in preeclampsia development. 
In the present study, DEMs were significantly 
enriched in several pathways, such as CAMs and 
tight junction. It can therefore be conducted that 
dysregulation of key pathways such as CAMs and 
tight junction may be a key mechanism by which 
DEMs contribute to the development of 
preeclampsia.

The strengths of our study include the identifi
cation of key DEMs (such as miR-200b-3p) and 
their enriched pathways (like CAMs and tight 
junction) as participants in preeclampsia develop
ment. Moreover, we for the first time confirmed 
the target relationship between miR-200b-3p and 
PFN2. These data provide us with a broader per
spective for elucidating the pathobiology of pree
clampsia. Despite these, our study still has some 
limitations that merit further consideration. First, 
the sample size was small. Second, the key path
ways involving DEMs were not validated by 
experiments. Further studies with large sample 
size and more experiments are required to confirm 
our findings.

In conclusion, our findings reveal that miR- 
200b-3p is upregulated in the placental tissues 
from patients with preeclampsia and promotes 
preeclampsia development via targeting PFN2. 
Dysregulation of key pathways such as CAMs 
and tight junction contribute to the development 
of preeclampsia. miR-200b-3p may serve as 
a promising therapeutic target against 
preeclampsia.
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