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degradation of SATB1
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Abstract

This research evaluated the effects of miR-218-5p on trophoblast infiltration and endoplasmic reticulum/oxidative stress
during preeclampsia (PE). The expression of miR-218-5p and special AT-rich sequence binding protein 1 (SATB1) in
placental tissues from 25 patients with PE and 25 normal pregnant subjects was determined using qRT-PCR and western
blotting. Cell invasion and cell migration were detected by performing Transwell assays and scratch assays, respectively.
MMP-2/9, TIMP1/2, HIF-1a, p-elF2a, and ATF4 expression in cells was assessed through western blotting. Intracellular
reactive oxygen species were detected using 2,7-dichlorodihydrofluorescein diacetate, and intracellular malondialdehyde and
superoxide dismutase activities were determined with kits. Dual-luciferase and RNA pull-down assays were performed to
verify the interaction between miR-218-5p and UBE3A. Co-immunoprecipitation and western blotting were used to detect
the ubiquitination levels of SATB1. A rat model of PE was established, and an miR-218-5p agomir was injected into rat pla-
cental tissues. The pathological characteristics of placental tissues were detected via HE staining, and MMP-2/9, TIMP1/2,
p-elF2a, and ATF4 expression in rat placental tissues was determined through western blotting. MiR-218-5p and SATB1 were
expressed at low levels, while UBE3A was highly expressed in the placental tissues of patients with PE. The transfection of
an miR-218-5p mimic, UBE3A shRNA, or an SATB1 overexpression vector into HTR-8/SVneo cells promoted trophoblast
infiltration and inhibited endoplasmic reticulum/oxidative stress. It was determined that UBE3A is a target of miR-218-5p;
UBE3A induces ubiquitin-mediated degradation of SATB1. In PE model rats, miR-218-5p alleviated pathological features,
promoted trophoblast infiltration, and inhibited endoplasmic reticulum/oxidative stress. MiR-218-5p targeted and negatively
regulated UBE3A expression to inhibit ubiquitin-mediated SATB1 degradation, promote trophoblast infiltration, and inhibit
endoplasmic reticulum/oxidative stress.
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Introduction

Preeclampsia (PE) is a severe pregnancy complication that
affects 5-7% of pregnant women worldwide and results in
approximately 70,000 maternal and 500,000 fetal deaths per
year (Jena et al. 2020). It is a dysfunction of placental tropho-
blast infiltration, which is caused by the immersion of tropho-
blasts in the shallow endometrial layer. PE is complicated by
uterine vascular recasting disorders, thereby causing placental
tissue ischemia, hypoxia, and a series of clinical manifestations
(Lou et al. 2018; Yang et al. 2021). The pathogenesis of PE is
considered to be associated with placental dysfunction induced
by oxidative stress, inflammation, and endoplasmic reticulum
stress (Ahmad et al. 2019; Aouache et al. 2018; Yang et al.
2020). Pathological research has shown that hypoxia, ischemia,
and hypoperfusion in the uterus and placenta occur at high
frequencies during placental vascular remodeling (Zou et al.
2018). Therefore, molecular mechanisms related to trophoblast
infiltration and oxidative stress or endoplasmic reticulum stress
in the pathogenesis of PE need to be investigated.

MicroRNAs (miRs) have been reported to participate in
the development and progression of PE (Frazier et al. 2020;
Liu et al. 2019; Zhang et al. 2020). Additionally, previous evi-
dence has indicated that some miRs can ameliorate endoplas-
mic reticulum stress and prevent the inflammatory response,
as well as oxidative stress (Tian et al. 2020; Yuan et al. 2020).
A previous study found that the downregulation of miR-31 and
miR-21 expression is related to PE (Dong et al. 2019). MiR-
218 suppresses the invasion of trophoblast cells and is involved
in the progression of PE (Fang et al. 2017). A recent study also
reported an association between miR-218-5p and oxidative
stress (Chen et al. 2021). Several studies have presented evi-
dence indicating that special AT-rich sequence binding protein
1 (SATB1) is involved in the development of PE and is related
to the migratory and invasive capabilities of trophoblasts and
oxidative stress (Rao et al. 2018; Rao et al. 2019). UBE3A
is an E3 ubiquitin ligase that specifically recognizes various
substrates and mediates ubiquitination-associated degradation
(Wang et al. 2019). Using the online database starBase (http://
starbase.sysu.edu.cn/), we found that UBE3A is a target of
miR-218-5p. Hence, in this study, we determined the corre-
lations among miR-218-5p, UBE3A, and SATBI1 and their
effects on trophoblast infiltration and endoplasmic reticulum/
oxidative stress in PE.

Materials and methods
Clinical subjects and tissue collection

Placental tissues were collected from 25 patients with PE
and 25 normal pregnant subjects who received perinatal
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medical care at Shandong Provincial Hospital Affiliated
to Shandong First Medical University. Written informed
consent was acquired from the subjects or their families
for the acquisition and use of all study samples. All study
protocols were approved by the Ethics Committee of the
Shandong Provincial Hospital Affiliated to Shandong First
Medical University (approval number: 2019-238) and in
accordance with the ethical principles of the “Declara-
tion of Helsinki” for medical research on human subjects.
Patients with renal disease, transient hypertension during
pregnancy, gestational diabetes, spontaneous abortion,
intrauterine fetal death, fetal chromosomal or congenital
abnormalities, or pregnancy after treatment were excluded
from this study. Placental tissues were collected within
1 h after cesarean section, and the collected tissues were
immediately frozen and stored in liquid nitrogen for the
subsequent extraction of RNA or protein. The diagnostic
criteria for PE were as follows (Brkic et al. 2018): the
patient had no pre-existing or chronic history of hyperten-
sion, but had a systolic blood pressure > 140 mmHg or a
diastolic blood pressure >90 mmHg at least twice after
20 weeks of pregnancy, accompanied by proteinuria (>2 g
every 24 h based on two samples collected >4 h apart).
Normal pregnant subjects match patients with PE in terms
of age and gestational age. General data of patients with
PE and normal pregnant subjects are shown in Table 1.

Cell culture and treatment

The human trophoblastic cell line HTR-8/SVneo was
purchased from the ATCC (Manassas, VA, USA). Cells
were cultured in DMEM (Gibco, Grand Island, NY, USA)
containing 10% FBS, 1% penicillin, and 1% streptomycin
and incubated in an incubator at 37 °C with 5% CO,. An
in vitro PE cell model was established by treating HTR-8/
SVneo cells in the hypoxia—reoxygenation (H/R) mode,
and HTR-8/SVneo cells were incubated at 37 °C for 8 h in
a hypoxic chamber containing 2% oxygen and then incu-
bated at 37 °C for 16 h in the presence of 20% oxygen.
HTR-8/SVneo cells were transfected or co-transfected
with a miR-218-5p mimic (50 nM, GenePharma, Shang-
hai, China), miR-218-5p inhibitor (50 nM, GenePharma,
Shanghai, China), pcDNA3.1-UBE3A (2 pg, Jima Gene,
Shanghai, China), sh-UBE3A (50 nM, GenePharma,
Shanghai, China), pcDNA3.1-SATB1 (2 pg, GenePharma,
Shanghai, China), sh-SATB1 (50 nM, GenePharma,
Shanghai, China), or their corresponding negative con-
trols. Transfection was performed using LipoFiter™ trans-
fection reagent (HanBio, Shanghai, China) according to
the transfection instructions. Three replicates were set up
for transfection experiments, and induction was performed
using H/R 24 h after transfection.
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Table 1 General data of PE Control PE P value

patients and normal pregnant

subjects N 25 25
Gestational age (weeks) 36.51+0.75 35.99+0.68" 0.01325
Maternal age (years) 30.70+1.65 29.87+1.53 0.07189
Maternal weight (kg) 71.74+1.34 71.71+1.46 0.94217
Systolic BP (mmHg) 115.35+0.97 146.27+2.23™ 5.14614E—48
Diastolic BP (mmHg) 75.63+1.03 9470+ 1.63™" 6.70022E—43
Proteinuria (g/24 h) 0 3.08+£0.36™" 6.11249E—40
50 g GLU 7.26+0.58 7.00+0.45 0.08700
Baby weight (g) 3348.91+37.88 2773.41+23.84™ 3.16449E—48

50 g GLU, 50 g oral glucose challenge test. "P <0.05, ““P <0.001, compared to control group

Animal experiment

All animal experiments were conducted with the approval
of the Animal Care and Use Committee of the Shandong
Provincial Hospital Affiliated to Shandong First Medical
University (approval number: 2019-341). Sexually mature
24 female and 24 male Wistar rats (200-250 g, 8 weeks
of age) were purchased from Shanghai Laboratory Ani-
mal Center, Chinese Academy of Sciences. All animals
were housed under pathogen-free conditions, with a 12 h
light/12 h dark cycle, temperature of 18-28 °C, humidity
of 40-70%, and free access to food and water. The PE
rat model was generated via the intraperitoneal injection
of 50 mg/kg of the nitric oxide synthase inhibitor N(G)-
nitro-L-arginine methyl ester (L-NAME, Beyotime, Shang-
hai, China) (Yan et al. 2014). The blood pressure of rats
increased by 20 mmHg and was higher than 115 mmHg;
combined with increased proteinuria, this indicated that
the PE model was successfully established. Male and
female rats were housed at a ratio of 1:1 and placed in
separate, dedicated cages from 5 to 6 p.m.. The next day,
sperm in the vaginal secretions of the female rats were
observed, with vaginal plugs, through microscopy. If the
test result was positive on that day, the day was recorded
as day O of pregnancy. The female rats were divided into
four groups from day 10 of pregnancy, with six rats in each
group as follows: normal group (intraperitoneal injection
of the same amount of saline from day 13 to day 20 of
pregnancy), PE group (intraperitoneal injection of 50 mg/
kg L-NAME every day from day 13 to day 20 of pregnancy
and 20 pL of saline into the placenta from day 16 to day 19
of pregnancy), PE + miR-NC group (intraperitoneal injec-
tion of 50 mg/kg L-NAME every day from day 13 to day
20 of pregnancy, and injection of 20 pL containing 4 nmol
miR-NC into the placenta from day 16 to day 19 of preg-
nancy), PE + miR-218-5p agomir group (intraperitoneal
injection of 50 mg/kg L-NAME every day from day 13 to
day 20 of pregnancy, and injection of 20 pL containing
4 nmol miR-218-5p agomir into the placenta from day 16

to day 19 of pregnancy). The rats were anesthetized with
3% pentobarbital sodium on day 21 of pregnancy, and the
fetuses and placentas were obtained via Cesarean section.
The umbilical cords connected to the fetuses were cut, and
the placentas and fetuses were placed on a sterile gauze
to dry the blood and amniotic fluid, respectively, and then
placed on an analytical balance for weighing.

Quantitative reverse transcription PCR (qRT-PCR)

Total RNA was extracted using TRIZOL (Invitrogen, Carls-
bad, CA, USA). Reverse transcription was performed using
a reverse transcription kit (TaKaRa, Tokyo, Japan), and all
procedures were conducted as per the instructions of the
kit. The expression of genes was detected using a Light-
Cycler480 (Roche, Indianapolis, IN, USA) via quantita-
tive fluorescence PCR, and the reaction conditions were in
accordance with the operating instructions of the quantita-
tive fluorescence PCR kit (SYBR Green Mix, Roche Diag-
nostics, Indianapolis, IN). Thermal cycling parameters were
as follows: 95 °C for 10 s, followed by 45 cycles of 95 °C
for 5's, 60 °C for 10 s, and 72 °C for 10 s; the final exten-
sion was at 72 °C for 5 min. Each reaction in the quan-
titative PCR was repeated thrice, with U6 as the miRNA
internal reference and GAPDH as the mRNA internal refer-
ence. Data were analyzed using the 2722 method, with
AACt=experimental group (Ct target gene — Ct internal
reference) — control group (Ct target gene — Ct internal ref-
erence). The amplification primer sequences for each gene
and its internal reference are detailed in Table 2.

Western blotting

Cells were lysed using RIPA lysis solution (Beyotime,
Shanghai, China) to obtain protein samples. After measur-
ing the protein concentration with a BCA kit (Beyotime,
Shanghai, China), the corresponding volume of the protein
sample was taken and added to sample buffer (Beyotime,
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Table 2 Primer sequences

Name of primer Sequences

miR-218-5p-F TTGTGCTTGATCTAA
miR-218-5p-R CAGTGCGTGTCGTGGAGT
U6-F CTCGCTTCGGCAGCACA
U6-R AACGCTTCACGAATTTGCGT
UBE3A-F CTCGGGGTGACTACAGGAGA
UBE3A-R GGCAGAGGTGAAGCGTAAGT
SATBI1-F GGCAACTGGTAACCACCTCA
SATBI1-R GGACCCTTCGGATCACTCAC
GAPDH-F AATGGGCAGCCGTTAGGAAA
GAPDH-R GCGCCCAATACGACCAAATC

F forward, R reverse

Shanghai, China), mixed well, and heated in a boiling water
bath for 3 min to denature the proteins. Electrophoresis was
performed at 80 V for 30 min, and after bromophenol blue
entered the separation gel, samples were electrophoresed for
1-2 h at 120 V. Membrane transfer was performed in an ice
bath with a current of 300 mA for 60 min. After membrane
transfer, the membrane was rinsed in the washing solution
for 1-2 min and then placed in the blocking solution at room
temperature for 60 min or blocked at 4 °C overnight. Primary
antibodies [UBE3A (ab272168, 1:1000), SATB1 (ab109122,
1:1000), MMP2 (ab92536, 1:1000), MMP9 (ab76003,
1:1000), TIMP1 (ab211926, 1:1000), TIMP2 (ab180630,
1:500), ATF4 (ab184909, 1:1000), HIF-1a (ab179483,
1:1000), GAPDH (ab8245, 1:2000, Abcam, Cambridge,
MA, USA), p-elF2a (3398, 1:1000), elF2a (5324, 1:1000,
Cell Signaling, Boston, USA)] were incubated with the blots
on a shaker for 1 h at room temperature, with the membranes
then washed three times (10 min per time). Secondary anti-
bodies were added, and the blots were incubated for 1 h at
room temperature, with the membranes then washed three
times for 10 min/time. After pipetting the developer onto the
membrane, a chemiluminescence imaging system (Bio-Rad,
Hercules, CA, USA) was used for protein detection.

Dual-luciferase reporter assay

The site of miR-218-5p binding to UBE3A was predicted
using the online database starBase (http://starbase.sysu.
edu.cn/). According to the predicted results, wild-type and
mutant sequences of the binding site (mut-UBE3A and wt-
UBE3A, respectively) were designed and synthesized. The
wild-type and mutated sequences of the binding sites were
inserted into the luciferase reporter vector (pGL3-Promoter,
Promega, MADISON, WI, USA) and then co-transfected
into HEK293T cells with the miR-218-5p mimic (50 nM) or
miR-218-5p mimic negative control (50 nM, GenePharma).
The binding of miR-218-5p to UBE3A was confirmed by
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measuring the luminescence intensity of each group using a
dual-luciferase reporter assay kit (Promega, Madison, WI,
USA) after transfection. The experimental groups used to
test miR-218-5p binding to UBE3A were designed as fol-
lows, with three replicates per experiment: mimic + mut-
UBE3A group, mimic 4+ wt-UBE3A group, mimic NC + mut-
UBE3A group, and mimic NC + wt-UBE3A group.

RNA pull-down assay

RNA pull-down assays were performed using the Pierce
Magnetic RNA—Protein Pull-Down kit (Millipore, Billerica,
MA, USA). Biotinylated UBE3A (Geneseed, Guangzhou,
China) or biotinylated negative control (NC) was incubated
with HTR-8/SVneo cell lysate for 2 h at 25 °C. The UBE3A/
miR-218-5p complex was captured with streptavidin-labeled
immunomagnetic beads for 1 h at 25 °C. The mixture was
then cultured with proteinase K-containing buffer for 1 h
at 25 °C, and the eluted complexes were assessed via
qRT-PCR.

Co-immunoprecipitation (Co-IP)

Cells were lysed through the addition of precooled RIPA
lysate and centrifuged at 14,000xg for 15 min at 4 °C, and
the supernatant was transferred to a new centrifuge tube. The
antibody (1 pg) [UBE3A (ab272168) or SATB1 (ab228772,
Abcam, Cambridge, MA, USA)] was added to 1 mL of
lysate, and IgG antibody was added to the NC group; fur-
thermore, the antigen—antibody mixture was placed over-
night at 4 °C or slowly shaken for 2 h at room temperature
on a shaker. Protein A/G agarose beads (100 pL, prepared
with PBS solution to a 50% concentration) were added to
capture the antigen—antibody complex, and the antigen—anti-
body mixture was shaken slowly at 4 °C overnight or incu-
bated at room temperature for 1 h. Transient centrifugation
was performed at 14,000 rpm for 5 s; the supernatant was
removed, and the bead-antigen/antibody mixture was col-
lected. After washing three times with 800 pL of precooled
RIPA buffer, the bead-antigen/antibody mixture was sus-
pended in 60 pL of 2 X loading buffer and mixed by gently
tapping. The loaded samples were boiled for 5 min and cen-
trifuged at 14,000Xg, and the remaining agarose beads were
collected. The supernatant was electrophoresed and boiled
again for 5 min before electrophoresis for denaturation, and
UBE3A or SATB1 protein expression was detected by per-
forming western blotting.

Ubiquitination assay
HEK?293 cells were transfected with pcDNA3.1-UBE3A

(GenePharma, Shanghai, China), Myc-SATB1 (Genomed-
itech, Shanghai, China), and HA-ubiquitin (Genomeditech,
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Shanghai, China) using LipoFiter™ transfection reagent
(HanBio, Shanghai, China), according to the transfection
instructions. Cells were treated with 20 pM of the protea-
some inhibitor MG132 for 6 h, washed twice with chilled
PBS, and then lysed with RIPA lysis buffer. Cytosolic pro-
teins were obtained via centrifugation of the lysate and incu-
bated overnight with the anti-SATB1 antibody (ab228772,
Abcam, Cambridge, MA, USA). Protein A/G agarose beads
(100 pL) were added to capture the antigen—antibody mix-
ture, and the antigen—antibody mixture was shaken slowly
and incubated for 4 h at 4 °C. After washing three times with
lysis buffer and boiling in 2 X SDS loading buffer to release
the proteins, immunoblotting was performed using an anti-
ubiquitin antibody (ab134953, 1:2000, Abcam, Cambridge,
MA, USA).

Transwell assay

After the chamber coated with Matrigel was removed from
the freezer at—20 °C and thawed at room temperature,
0.5 mL of serum-free culture medium was added to the
transwell chambers (Coring, New York, USA) and 24-well
plates, which were then placed at 37 °C and cultured in 5%
CO, for 2 h, with all culture medium removed. Cells in the
logarithmic growth phase were collected and prepared as
single-cell suspensions and seeded evenly into a six-well
plate. Three replicate wells were prepared for each group,
with cells incubated in a 37 °C incubator with 5% CO,. When
the cell confluence reached 70-90%, the cells in each group
were treated according to the experimental grouping, and
cells were cultured for 24 h at 37 °C in an incubator with 5%
CO,. The cells in each group were digested with trypsin, col-
lected, washed twice with PBS, and resuspended in serum-
free DMEM, with the cell concentration adjusted accord-
ingly. Culture medium with 10% FBS (600 pL) was added
to the lower chamber, and 100 pL of the cell suspension was
added to the upper chamber and cultured in an incubator with
5% CO, at 37 °C for 24 h. The chambers were taken out,
and the supernatant was discarded. The residual cells in the
inner side of the upper chamber that failed to pass through
the membrane were wiped with a cotton swab. Paraformalde-
hyde (4%) was added to fix the penetrating cells on the outer
side of chamber for 20 min. Wright—Giemsa staining was
performed, and the numbers of invading cells in five fields
were counted randomly using a high-power lens, which was
followed by capturing images and recording.

Scratch assay

Cells in the logarithmic growth phase were collected, pre-
pared as single-cell suspensions, and seeded into a six-
well plate. After 24 h, the cells in each group were treated

according to the groups and cultured in a 37 °C, 5% CO,
incubator for 24 h. A sterile tip (100 pL) was used to scratch
the six-well plate. The culture medium in the six-well plate
was discarded, and cells were washed twice with PBS, fol-
lowed by the addition of serum-free culture medium to con-
tinue the culture. Cells were observed and photographed,
and the scratch area at 0 h was considered the control. The
six-well plate was further cultured in an incubator with 5%
CO, at 37 °C for 24 h, with cell migration observed and
photographed.

Reactive oxygen species determination

Intracellular reactive oxygen species (ROS) levels were
assessed using the fluorescent reagent 2,7-dichlorodihydro-
fluorescein diacetate (DCFH-DA; Merck, Shanghai, China),
according to the instructions. Cells were seeded into 96-well
plates with 5000 cells per well and incubated with 10 pM
DCFH-DA for 30 min at 37 °C. At the end of incubation,
cells were washed thrice with PBS to remove free DCFH-
DA molecules. The fluorescence intensity of cells in each
well was measured using a SYNERGY microplate reader
(BioTek, Winooski, VT, USA) at a wavelength of 530 nm.

Determination of malondialdehyde and superoxide
dismutase activities

The activities of malondialdehyde (MDA) and superoxide
dismutase (SOD) in cells were detected with MDA and SOD
kits (Sigma-Aldrich, Merck KGaA, Darmstadt, Germany),
respectively, as per the manufacturer’s instructions.

Determination of systolic blood pressure and 24-h
urine protein in rats

The blood pressure of rats was measured using the tail-cuff
artery pressure method. The systolic blood pressure of the
tail artery in pregnant rats on days 10, 13, 16, and 19 of
pregnancy was measured using a rat tail artery pressure
detector (Tensys (R) Medical Inc., San Diego, CA, USA),
with the mean value taken after three pressure measurements
over a short period. Twenty-four-hour urine was collected on
days 10, 13, 16, and 19 of pregnancy from pregnant rats with
free access to diet and water. The urinary protein content
was measured at the Nephrology Department of the local
hospital.

Hematoxylin and eosin staining
Placental tissues were fixed in 10% neutral buffered forma-

lin (Solarbio Biotechnology Co., Ltd., Beijing, China) for
1 day, dehydrated, embedded in paraffin, and cut into 5 pm
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sections. Paraffin sections were deparaffinized with xylene,
hydrated with graded ethanol, and stained with hematoxylin
for 5 min; then, excess dye was washed off. Cell staining
was differentiated using ethanol hydrochloride for 30 s, and
samples were stained with eosin for 2 min, routinely dehy-
drated, cleared, mounted, observed under a microscope, and
photographed.

Statistical analysis

Statistical analysis was performed with GraphPad Prism7
software. All data were presented as the mean + standard
deviation (mean + SD). T-tests were used for comparisons
between groups; a one-way analysis of variance test was
used for comparisons among multiple groups, and Tukey’s
multiple comparisons test was used for post-hoc multi-
ple comparisons. P <0.05 was regarded as statistically
significant.

Results

MiR-218-5p and SATB1 are expressed at low levels
in placental tissues of patients with PE

Placental tissues were collected from 25 patients with PE
and 25 normal pregnant subjects, and the expression of miR-
218-5p and SATBI in these tissues was detected via qRT-
PCR or western blotting. qRT-PCR showed that the expres-
sion of miR-218-5p in placental tissues of patients with PE
was markedly lower than that in normal pregnant subjects
(Fig. 1A, P <0.01); the expression of SATB1 protein in
placental tissues of patients with PE was also markedly
decreased compared with that in normal pregnant subjects
(Fig. 1B, P <0.01). These results indicated that miR-218-5p
and SATBI are expressed at low levels in placental tissues
from patients with PE.

>
w

MiR-218-5p promotes trophoblast infiltration
and inhibits endoplasmic reticulum/oxidative stress
under hypoxia-reoxygenation conditions

The human trophoblastic cell line HTR-8/SVneo was treated
in the hypoxia-reoxygenation (H/R) mode to establish an
in vitro PE cell model. HTR-8/SVneo cells were trans-
fected with a miR-218-5p mimic/inhibitor followed by H/R
treatment. qRT-PCR and western blot results illustrated
that the expression levels of miR-218-5p and SATB1 were
significantly decreased in HTR-8/SVneo cells of the H/R
group compared to those in the control group (Fig. 2A-B,
P <0.05). However, the expression of miR-218-5p and
SATB1 was significantly downregulated after transfection
with a miR-218-5p inhibitor, whereas the expression of miR-
218-5p and SATB1 was significantly upregulated after trans-
fection with a miR-218-5p mimic (Fig. 2A-B, P <0.05).
Transwell and scratch assays showed that the invasion and
migration of HTR-8/SVneo cells were decreased in the
H/R group relative to that in the control group (Fig. 2C-D,
P <0.01) and further significantly decreased after transfec-
tion with the miR-218-5p inhibitor. However, they were sig-
nificantly enhanced after transfection with the miR-218-5p
mimic (Fig. 2C-D, P <0.05). Western blotting was per-
formed to determine the expression of HIF-1a and the troph-
oblast infiltration-related proteins, MMP-2/9 and TIMP1/2.
Compared with that in the control group, the expression of
MMP2/9 was significantly downregulated, and the expres-
sion of TIMP1/2 and HIF-1a was significantly upregulated
in HTR-8/SVneo cells of the H/R group. Moreover, the
expression of MMP2/9 was further downregulated and that
of TIMP1/2 was further upregulated in HTR-8/SVneo cells
after transfection with the miR-218-5p mimic inhibitor. In
contrast, the expression levels of MMP2/9 were increased
and those of TIMP1/2 were decreased after transfection
with the miR-218-5p mimic (Fig. 2E, P <0.05). Intracellu-
lar ROS levels were measured using DCFH-DA, and MDA
and SOD levels were detected using kits; results showed

2.5 g 2.0q b
- )
<) o 7] )
[}

.5 2.0 g 1.5
28 Control PE X "
$ & 151 ¢m "
%N [ 1. © 10
q,n_‘1.0- SATB1’-—--— - — '-.| 9"5 ol
2 s
& E . Ly @ 0.5
£ 051 . VIR te————— - H ..
14 00 Em E o0 ° L]

’ Control PE . Control PE

Fig.1 Low miR-218-5p and SATBI1 expressions in placental tis-
sues from PE patients. Placental tissues were collected from 25 PE
patients and 25 normal pregnant subjects. A miR-218-5p expression
in placental tissues from PE patients and normal pregnant subjects
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detected by qRT-PCR; B SATB1 expression in placental tissues from
PE patients and normal pregnant subjects measured by western blot-
ting. **P <0.01, compared to the control group
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that intracellular ROS and MDA levels were significantly
increased and SOD levels were significantly decreased in
HTR-8/SVneo cells of the H/R group compared with those
in the control group. Intracellular ROS and MDA levels were
further enhanced and SOD levels were further decreased in
HTR-8/SVneo cells after transfection with the miR-218-5p
inhibitor, but intracellular ROS and MDA levels were
markedly reduced and SOD levels were markedly elevated
after transfection with the miR-218-5p mimic (Fig. 2F-I,
P <0.05). Western blotting was conducted to detect the
phosphorylation level of the endoplasmic reticulum stress-
related protein elF2a and expression of ATF4. Compared
with that in the control group, the expression of p-elF2a
and ATF4 was significantly downregulated in HTR-8/SVneo
cells of the H/R group, which was further reduced after
transfection with the miR-218-5p inhibitor; however, the
expression of p-elF2a and ATF4 was markedly increased
after transfection with the miR-218-5p mimic (Fig. 2J-L,
P <0.05). These findings suggest that miR-218-5p promoted
trophoblast infiltration and inhibited endoplasmic reticulum/
oxidative stress under H/R conditions.

UBE3A is a target gene of miR-218-5p

Based on the online database starBase (http://starbase.sysu.
edu.cn/), UBE3A was predicted to have a binding site for
miR-218-5p, and wild-type and mutant plasmids contain-
ing the 3'UTR region of UBE3A were constructed for dual-
luciferase reporter assays (Fig. 3A). The results of the lucif-
erase reporter assay to detect miR-218-5p binding to UBE3A
showed that luciferase activity was markedly reduced in
the mimic + wt-UBE3A group (Fig. 3B, P<0.01). RNA
pull-down analysis further indicated that endogenous miR-
218-5p could be pulled down by the UBE3A biotinylated
probe (Fig. 3C, P <0.05). The expression of UBE3A in pla-
cental tissues of patients with PE and normal pregnant sub-
jects, as well as in HTR-8/SVneo cells treated with H/R, was
determined via qRT-PCR and western blotting. The findings
demonstrated that UBE3A expression in placental tissues of
patients with PE was markedly higher than that in normal
pregnant subjects (Fig. 3D-E, P <0.01). Moreover, UBE3A
expression in HTR-8/SVneo cells treated with H/R was
markedly higher than that in the control group (Fig. 3F-G,
P <0.01). HTR-8/SVneo cells were then exposed to H/R
after transfection with the miR-218-5p mimic/inhibitor, and
qRT-PCR and western blotting results showed that UBE3A
expression was markedly upregulated in HTR-8/SVneo cells
after transfection with the miR-218-5p inhibitor, but mark-
edly decreased in HTR-8/SVneo cells after transfection with
the miR-218-5p mimic (Fig. 3H-I, P <0.05). These data
indicated that UBE3A is a target gene of miR-218-5p.

UBE3A reverses the effects of miR-218-5p
on trophoblast infiltration and endoplasmic
reticulum/oxidative stress

We proceeded to investigate whether miR-218-5p would
affect SATB1 expression by targeting UBE3A. After the
co-transfection of the miR-218-5p mimic and pcDNA3.1-
UBE3A or miR-218-5p inhibitor and sh-UBE3A into
HTR-8/SVneo cells and exposure to H/R, UBE3A expres-
sion was markedly higher and SATB1 expression was sig-
nificantly lower in the miR-218-5p mimic + pcDNA3.1-
UBE3A group than in the miR-218-5p mimic group.
Furthermore, UBE3A expression was markedly lower and
SATBI1 expression was markedly higher in the miR-218-5p
inhibitor + sh-UBE3A group than in the miR-218-5p inhib-
itor group (Fig. 4A-B, P <0.05). Transwell and scratch
assays revealed that the overexpression of UBE3A could
inhibit the promoting effect of the miR-218-5p mimic on
trophoblast invasion and migration, whereas the knock-
down of UBE3A could reverse the inhibitory effect of the
miR-218-5p inhibitor on trophoblast invasion and migra-
tion (Fig. 4C-D, P <0.05). We then showed that overexpres-
sion or knockdown of UBE3A could reverse the effect of
miR-218-5p mimic or inhibitor on MMP-2/9 and TIMP1/2
expression in trophoblasts (Fig. 4E, P <0.05). Intracellular
ROS levels were measured using DCFH-DA, and MDA and
SOD levels were determined using kits; the results showed
that the overexpression of UBE3A could reverse the inhibi-
tory effect of the miR-218-5p mimic on oxidative stress lev-
els in trophoblasts, and the knockdown of UBE3A could
reverse the promoting effect of the miR-218-5p inhibitor on
oxidative stress levels in trophoblasts (Fig. 4F-I, P <0.05).
We then showed that the overexpression of UBE3A could
reverse the promoting effect of the miR-218-5p mimic
on p-elF2a and ATF4 expression in trophoblasts, and the
knockdown of UBE3A could reverse the inhibitory effect
of the miR-218-5p inhibitor on p-elF2a and ATF4 expres-
sion in trophoblasts (Fig. 4J-L, P <0.05). These results indi-
cated that UBE3A could reverse the effects of miR-218-5p
on trophoblast infiltration and endoplasmic reticulum/oxida-
tive stress.

UBE3A promotes SATB1 ubiquitination

UBES3A is an E3 ubiquitin ligase that specifically recognizes
various substrates and mediates ubiquitination-mediated
degradation (Wang et al. 2019). The expression of UBE3A
was upregulated, whereas that of SATB1 was downregu-
lated in PE, and miR-218-5p was found to target UBE3A
and participate in the regulation of SATB1 expression.
Thus, we speculated that UBE3A might be involved in the
ubiquitin-mediated degradation of SATB1. qRT-PCR and
western blotting results indicated that the overexpression of
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«Fig.2 MiR-218-5p promoted trophoblast infiltration and inhibited
endoplasmic reticulum/oxidative stress in H/R condition. The human
trophoblastic cell line HTR-8/SVneo was treated with H/R mode to
establish an in vitro PE cell model, and HTR-8/SVneo cells were
transfected with miR-218-5p mimic or miR-218-5p inhibitor followed
by H/R treatment. A the expression of miR-218-5p in HTR-8/SVneo
cells detected by gqRT-PCR; B the expression of SATB1 in HTR-8/
SVneo cells measured by western blotting; C cell invasion detected
by Transwell assay; D cell migration tested by scratch assay; E the
expressions of MMP-2/9, TIMP1/2, and HIF-la in HTR-8/SVneo
cells measured by western blotting; F—G: intracellular ROS level
detected by DCFH-DA; H-I: the contents of MDA and SOD in cells
detected by kit; J-L: the phosphorylation level of elF2a and the
expression of ATF4 in HTR-8/SVneo cells detected by western blot-
ting; "P<0.05, “P<0.01, ™ P<0.001, n=3, compared to the con-

trol group or inhibitor NC group or mimic NC group

UBE3A had no effect on the mRNA expression of SATBI
(Fig. 5A) but definitely decreased the protein expression of
SATBI1 (Fig. 5B, P<0.05). The inhibitory effect of UBE3A
on SATB1 protein was reversed by the proteasome inhibitor
MG132 (Fig. 5B), which suggested that UBE3A might be
involved in the ubiquitin-mediated degradation of SATBI.
Co-IP was performed to detect the binding of UBE3A to
SATBI, and the results showed that with a UBE3A antibody,
SATBI1 protein was enriched; meanwhile, a SATB1 anti-
body led to UBE3A protein enrichment (Fig. 5C). HEK293
cells were then transfected with Myc-SATB1, pcDNA3.1-
UBE3A, and HA-ubiquitin and treated with the proteasome
inhibitor MG132, and SATB1 ubiquitination was analyzed
via Co-IP assays and western blotting. The results showed
that ubiquitin molecules binding to SATB1 were markedly
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Fig.3 UBE3A was a target gene of miR-218-5p. A the binding site
of miR-218-5p and the 3'-UTR region of UBE3A; B the interac-
tion between UBE3A and miR-218-5p confirmed by dual-luciferase
reporter assay, **P<0.01, compared to the mimic NC+wt-UBE3A
group; C the interaction between UBE3A and miR-218-5p validated
by RNA pull-down assay, *P <0.05, **P <0.01, compared to the bio-
NC-probe group; D-E qRT-PCR and western blotting for the detec-
tion of UBE3A expression in placental tissue from PE patients and

normal pregnant subjects, **P <0.01, compared to the control group;
F-G: the expression of UBE3A in HTR-8/SVneo cells treated with
H/R detected by qRT-PCR and western blotting, **P <0.01, com-
pared to the control group. HTR-8/SVneo cells were exposed to H/R
after transfection with miR-218-5p mimic or miR-218-5p inhibitor,
H-I: the expression of UBE3A in HTR-8/SVneo cells detected by
gRT-PCR and western blotting, “P <0.05, “P <0.01, compared to the
inhibitor NC group or the mimic NC group
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«Fig.4 UBE3A reversed the effects of miR-218-5p on trophoblast
infiltration and endoplasmic reticulum/oxidative stress. Exposure
to H/R after co-transfection of miR-218-5p mimic and pcDNA3.1-
UBE3A or miR-218-5p inhibitor and sh-UBE3A in HTR-8/SVneo
cells, A the mRNA expression of UBE3A in HTR-8/SVneo cells
detected by qRT-PCR; B the protein expressions of UBE3A and
SATB1 in HTR-8/SVneo cells measured by western blotting; C cell
invasion detected by Transwell assay; D cell migration detected by
scratch assay; E the expressions of MMP-2/9 and TIMP1/2 in HTR-8/
SVneo cells detected by western blot; F-G intracellular ROS level
detected by DCFH-DA; H-I the contents of MDA and SOD in cells
detected by kits; J-L the phosphorylation level of elF2a and the
expression of ATF4 in HTR-8/SVneo cells detected by western blot-
ting; “P<0.05, P <0.01, n=3, compared to the miR-218-5p mimic
group or the miR-218-5p inhibitor group

increased in cells overexpressing UBE3A compared to
that in cells of the blank group, indicating that the over-
expression of UBE3A could induce SATB1 ubiquitination
(Fig. 5D). These observations demonstrated that UBE3A
promotes SATB1 ubiquitination.

SATB1 reverses the effects of UBE3A on trophoblast
infiltration and endoplasmic reticulum/oxidative
stress

After the co-transfection of pcDNA3.1-UBE3A and
pcDNA3.1-SATB1 or sh-UBE3A and sh-SATBI1 into
HTR-8/SVneo cells and exposure to H/R, western blot-
ting results showed that the expression of SATB1 in the
pcDNA3.1-UBE3A +pcDNA3.1-SATB1 group was mark-
edly higher than that in the pcDNA3.1-UBE3A group and
the expression of SATB1 in the sh-UBE3A + sh-SATBI1
group was markedly lower than that in the sh-UBE3A
group (Fig. 6A, P<0.01). Transwell and scratch assays
suggested that SATB1 could reverse the inhibitory effect of
UBE3A on trophoblast invasion and migration (Fig. 6B—C,
P <0.05). We also found that SATB1 could reverse the
effects of UBE3A on MMP-2/9 and TIMP1/2 expression in
trophoblasts (Fig. 6D-E, P <0.05). Intracellular ROS levels
were measured using DCFH-DA, and MDA and SOD levels
were measured using kits; the results revealed that SATB1
could counteract the promoting effect of UBE3A on oxida-
tive stress in trophoblasts (Fig. 6F-H, P <0.05). We further
showed that SATB1 could reverse the inhibitory effects of
UBE3A on p-elF2a and ATF4 expression in trophoblasts
(Fig. 61-K, P <0.05). These observations provided evidence
that SATB1 could reverse the effects of UBE3A on tropho-
blast infiltration and endoplasmic reticulum/oxidative stress.

Effects of miR-218-5p on PE inrats
A rat model of PE was generated via the intraperitoneal

injection of L-NAME into Wistar rats, and an miR-218-5p
agomir was injected into the placental tissues of rats to

investigate the effects of miR-218-5p on PE-model rats.
Systolic blood pressure on days 10, 13, 16, and 19 of preg-
nancy was measured, and 24 h urinary protein was tested
in rats. The results showed that systolic blood pressure
and 24 h urinary protein were markedly higher in the PE
group than in the normal group and markedly lower in the
PE + miR-218-5p agomir group than in the PE + miR-NC
group (Fig. 7A-B, P <0.05). The neonatal rats and placenta
were obtained from rats on day 21 of pregnancy as follows:
64 neonatal rats and placenta were collected from rats in the
normal group; 62 neonatal rats and placenta were collected
from rats in the PE group; 54 neonatal rats and placenta were
collected from rats in the PE + miR-NC group; 51 neonatal
rats and placenta were collected from rats in the PE + miR-
218-5p agomir group (Fig. 7C). Fetal and placental weights
were significantly lower in the PE group than in the normal
group and markedly higher in the PE + miR-218-5p agomir
group than in the PE + miR-NC group (Fig. 7D-E, P <0.05).
We further showed that the expression of miR-218-5p and
SATB1 was markedly reduced and that of UBE3A was
markedly elevated in the placental tissues of rats in the
PE group compared with the levels in the normal group.
Moreover, the expression of miR-218-5p and SATB1 was
markedly increased and that of UBE3A was decreased in
the placental tissues of rats in the PE + miR-218-5p agomir
group compared with the levels in the PE + miR-NC group
(Fig. 7F-1, P <0.05). HE staining was performed to observe
the pathological characteristics of placental tissues, and we
found that the blood vessels in the placental villi of rats in
the normal group were abundant, and the structure was clear.
Furthermore, the trophoblasts of placental villi were mainly
syncytiotrophoblasts, with few cytotrophoblasts. However,
in the PE group, the number of placental villi was reduced,
and these had a blurred and atrophic structure, with fibrinoid
necrosis. Moreover, the syncytiotrophoblastic nodules of
placental villi were increased, most of which were immature
villi. Nonetheless, the pathological changes to placental tis-
sues of rats were alleviated after the injection of miR-218-5p
agomir (Fig. 7). We also revealed that the expression of
MMP2/9, p-elF2a, and ATF4 was markedly decreased and
that of TIMP1/2 was markedly increased in the placental
tissues of rats in the PE group compared with the levels in
the normal group. Furthermore, the expression of MMP2/9,
p-elF2a, and ATF4 was significantly elevated and that of
TIMP1/2 was significantly decreased in the placental tissues
of rats in the PE + miR-218-5p agomir group compared with
the levels in the PE + miR-NC group (Fig. 7K-M, P <0.05).
These observations suggested that miR-218-5p could allevi-
ate pathological features, promote trophoblast infiltration,
and inhibit endoplasmic reticulum/oxidative stress in PE-
model rats.
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Discussion

PE is characterized by placental ischemia and hypoxia and is
mainly caused by insufficient trophoblast infiltration (Yang
et al. 2021). The development of PE is commonly associated
with dysregulated placental immunity, inflammation, and
endoplasmic reticulum/oxidative stress. Accumulating evi-
dence has revealed that miRs might improve oxidative stress
and endoplasmic reticulum stress, in addition to enhancing
trophoblast infiltration (Lv et al. 2019; Tian et al. 2020;
Yuan et al. 2020). In this study, we identified a preliminary
correlation among miR-218-5p, UBE3A, and SATBI, as
well as their effects on trophoblast infiltration and endo-
plasmic reticulum/oxidative stress in PE.

First, we found that miR-218-5p and SATB1 were
expressed at low levels in the placental tissues of patients
with PE. Consistent with our findings, a previous study
reported that miR-218-5p expression is significantly

A B

Hm pcDNA3.1

downregulated in PE placentas (Brkic et al. 2018). Addi-
tionally, previous data revealed low SATB1 expression in the
placenta associated with PE and H/R-treated HTR8/SVneo
cells (Rao et al. 2019). MiRs have been shown to regulate
trophoblast behaviors, such as cell invasion, migration, and
apoptosis. For example, Yan et al. found that miR-145-5p
can enhance trophoblast cell proliferation and invasion by
targeting FLT1 (Lv et al. 2019). Zhao et al. (2020) reported
that the exosomal encapsulation of miR-125a-5p suppresses
the migration and proliferation of trophoblasts by regulat-
ing VEGFA expression in PE. MiR-218-5p was also proven
to promote the invasion of trophoblasts and endovascular
extravillous trophoblast differentiation via the miR-218-5p-
TGF-B2 pathway, and the low expression of miR-218-5p
was found to contribute to the development of PE (Brkic
et al. 2018). It was also reported that miR-218-5p inhibi-
tion can enhance oxidative stress in rheumatoid arthritis
synovial fibroblasts (Chen et al. 2021). Consistent with
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Fig.5 UBE3A promoted SATB1 ubiquitination. HTR-8/SVneo cells
transfected with pcDNA3.1-UBE3A for 24 h and then treated with
proteasome inhibitor MG132 for 6 h. A: the effects of overexpression
of UBE3A and treatment with proteasome inhibitor MG132 on the
mRNA expression of SATB1 detected by qRT-PCR; B the effect of
overexpression of UBE3A and treatment with proteasome inhibitor
MG132 on SATBI protein expression measured by western blotting,
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“P <0.05, compared to pcDNA3.1 group; C the binding of UBE3A to
SATB1 in HTR-8/SVneo cells detected by Co-IP assay; D: HEK293
cells were transfected with Myc-SATB1, pcDNA3.1-UBE3A, HA-
ubiquitin and treated with proteasome inhibitor MG132, and Co-IP
assay and western blotting were used to detect ubiquitin protein
expression for analyzing the effect of overexpression of UBE3A on
SATBI1 ubiquitination, *P <0.05, compared to the pcDNA3.1 group
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prior findings, our experiments revealed that after transfec-
tion with the miR-218-5p mimic, MMP2/9 expression was
markedly increased and TIMP1/2 expression was mark-
edly decreased. Furthermore, intracellular ROS and MDA
levels were markedly reduced, and SOD levels were mark-
edly elevated, which suggests that miR-218-5p promotes
trophoblast infiltration and inhibits endoplasmic reticulum/
oxidative stress under H/R conditions. However, one study
showed the upregulation of miR-218 expression in patients
with PE (Fang et al. 2017). This variation could be caused by
the differences in clinical samples, such as differences in the
ethnicities of patients. Additionally, it is not clear whether
miR-218-3p or miR-218-5p was detected in the aforemen-
tioned study. A larger number of clinical samples should be
included to determine the expression of miR-218-5p and its
relevance to clinical indices in patients with PE.
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Fig.6 SATBI reversed the effects of UBE3A on trophoblast infiltra-
tion and endoplasmic reticulum/oxidative stress. Exposure to H/R
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edu.cn/), UBE3A was predicted to be a downstream gene of
miR-218-5p. Previous evidence has demonstrated that the
dysregulation of UBE3A contributes to transcriptional dys-
regulation associated with endoplasmic reticulum stress and
inflammation, as a component of ubiquitination pathways
(Torres-Odio et al. 2017). Related experiments proved that
UBE3A could reverse the effects of miR-218-5p on tropho-
blast infiltration and endoplasmic reticulum/oxidative stress.
UBE3A is an E3 ubiquitin ligase that specifically recognizes
various substrates and mediates ubiquitination-associated
degradation (Lopez et al. 2018; Wang et al. 2019). Our sub-
sequent experiments showed that (i) the overexpression of
UBE3A could markedly decrease the protein expression of
SATBI, (ii) the inhibitory effect of UBE3A on SATBI1 pro-
tein could be reversed by the proteasome inhibitor MG132,
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expression of ATF4 in HTR-8/SVneo cells detected by western blot-
ting; “P<0.05, “P<0.01, n=3, compared to the pcDNA3.1-UBE3A
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Fig.7 Effects of miR-218-5p on PE rats. A rat model of PE was con-
structed by intraperitoneal injection of L-NAME in Wistar rats, and
miR-218-5p agomir was injected into the placental tissue of rats. A
systolic blood pressure was measured on Days 10, 13, 16, and 19
of pregnancy in rats, n=6; B 24-h urinary protein was measured
on Days 10, 13, 16, and 19 of pregnancy in rats, n=6; C neonatal
rats and placenta delivered by rats in each group; D measurement of
fetal weight, Normal group: n=64; PE group: n=62; PE+miR-NC
group: n=54; PE4+miR-218-5p agomir group: n=51.; E measure-
ment of placental weight in rats, Normal group: n=64; PE group:

and (iii) UBE3A promotes SATB1 ubiquitination. Consist-
ent with our findings, SMURF2 was also found to be an E3
ubiquitin ligase, similar to UBE3A, that promotes SATB1
degradation by enhancing the ubiquitination of SATB1 (Yu
et al. 2019). Previous evidence showed that oxidative stress
leads to a decrease in the expression of SATB1, which was
found to be related to impaired trophoblast functions (Rao
et al. 2019). Rao et al. found that H/R-treated trophoblasts
expressing lower SATB1 levels demonstrate a weaker inva-
sion; however, an increase in the SATB1 level, with recom-
binant SATB1, could reverse these effects (Rao et al. 2018).
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n=62; PE4+miR-NC group: n=54; PE+miR-218-5p agomir group:
n=51; F-G the expression of miR-218-5p and UBE3A in rat pla-
centa detected by qRT-PCR, n=6; H-I the expressions of UBE3A
and SATBI1 in rat placenta measured by western blotting; J pathologi-
cal characteristics of placental tissue detected by HE staining, n=6;
L-M: the expressions of MMP-2/9 and TIMP1/2, p-eIF2a and ATF4
in rat placental tissues detected by western blotting, n=6. “P<0.05,
“P<0.01, n=6, compared to the normal group or the PE +miR-NC

group

Similar to the conclusions from previous studies, our study
further found that SATB1 overexpression reverses the effects
of UBE3A on trophoblast infiltration and endoplasmic retic-
ulum/oxidative stress post-H/R treatment. Subsequent assays
performed using a rat model of PE revealed that miR-218-5p
could alleviate pathological features, promote trophoblast
infiltration, and inhibit endoplasmic reticulum/oxidative
stress in PE-model rats, which provides further support for
the aforementioned findings using cells.

Based on the aforementioned findings, we concluded
that miR-218-5p targets and negatively regulates UBE3A
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expression, suppresses the ubiquitin-mediated degradation
of SATB1, promotes trophoblast infiltration, and inhibits
endoplasmic reticulum/oxidative stress. This is the first
study to report the involvement of UBE3A in PE, which
established a novel molecular axis linking miR-218-5p
and SATBI1 through UBE3A. The expression levels of
these three molecules might thus be used as predictive
and prognostic factors for PE. The miR-218-5p/UBE3A/
SATBI axis could also be a candidate target for molecule-
based PE therapy.

Our study has some limitations. First, we did not explore
the effects of miR-218-5p expression on inflammation,
which is also an important process in PE. Second, many
proteins other than SATB1 are involved in the progression
of PE, and they might be linked to miR-218-5p expression,
which should be explored in future studies. Third, exposure
to endocrine-disrupting chemicals is a cause of abnormal
placentation, increasing the risk of pregnancy disorders and
predisposing the fetus to adverse health risks (Lorigo and
Cairrao 2022; Yang et al. 2019). It might thus be interesting
to investigate the influence of endocrine-disrupting chemi-
cals on miR-218-5p in PE. In summary, our observations
on miR-218-5p warrant further studies on other gestational
disorders to support the contention that miR-218-5p might
be a great candidate for the investigation of PE and associ-
ated therapeutics.
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