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Abstract

Purpose: To screen the micro-ribonucleic acids (mMiRNAS)

in the pathological processes of

preeclampsia (PE), and to assess their effects on the proliferation and apoptosis of HTR-8/SVneo cells.
Methods: The miRNAs in PE patients and healthy puerperae were screened out using miRNA
microarray assay, and verified through low-throughput quantitative reverse transcription- polymerase
chain reaction (QRT-PCR). The effects of expression level of miR-19a on proliferation and cycle of HTR-
8/SVneo cells were determined using cell counting kit (CCK)-8 assay and propidium iodide (PI) staining,
respectively. The influence of the expression level of miR-19a on apoptosis of HTR-8/SVneo cells was
evaluated using Annexin V-fluorescein isothiocyanate (FITC)/PI staining. Subsequently, luciferase
reporter gene assay, CCK-8 assay and Annexin V-FITC/PI staining were conducted, respectively.
Results: Serum miR-19a was significantly decreased in PE patients, and a high level of miR-19a led to
increase in the proliferation of HTR-8/SVneo cells. Decreased level of miR-19a arrested HTR-8/SVneo
cell cycle at G1 phase, while increase in the miR-19a level repressed the apoptosis of HTR-8/SVneo
cells. The PTEN was a direct target of miR-19a, and overexpression of miR-19a promoted the activation
of Akt signaling pathway, thereby significantly decreasing the expression levels of downstream
phosphorylated p21/p21 (p-p21/p21), p-p27/p27 and p-glycogen synthase kinase-3 beta
(GSK3B)/GSK3B. Compared with those in cells transfected with empty vectors, the pro-proliferative and
anti-apoptotic effects of miR-19a weakened in HTR-8/SVneo cell lines with overexpressed PTEN.
Conclusion: MiR-19a targets PTEN in order to activate Akt signaling pathway, thereby promoting
proliferation, and inhibiting apoptosis of HTR-8/SVneo cells. This provides new drug targets that can be
investigated for future treatment of PE.
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INTRODUCTION

Preeclampsia (PE) is an obstetric syndrome
mainly pathologically characterized by
hypertension and proteinuria after 20 weeks of
gestation. As one of the major challenges facing

modern obstetrics, it causes death of 63,000
women worldwide each year [1,2]. According to
the epidemiological analyses of PE from 1990 to
2010, PE is an important cause of neonatal and
maternal mortality and responsible for more than
99 % of maternal deaths in low- and middle-
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income countries [3]. In developed countries
such as America, PE is the leading cause of poor
survival outcomes of 5 - 8 % of pregnant and
lying-in women and fetuses [4].

Apoptosis is an important factor in placental
development, and the imbalance between
trophoblast proliferation and apoptosis may be
associated with abnormalities in pregnancy [5].
At present, the specific pathogenesis of PE
remains elusive, and its occurrence may be
related to abnormal trophoblast apoptosis. The
findings suggest that the pathological mechanism
of PE may involve placental ischemia and
increased apoptosis of trophoblast cells, induced
by oxidative stress [6]. It also leads to trophoblast
invasion and uterine spiral artery remodeling
disorder, leading to placental malperfusion, and
finally leading to occurrence of PE [6].

With relatively long half-life values and relatively
high stability in body fluids, micro ribonucleic
acids (miRNAs) may become important
biomarkers for the diagnosis and prognosis of PE
[7]. A multitude of studies have analyzed the
expression of miIRNAs in PE and normal
placentas and indicated that miRNAs exert key
regulatory effects on the pivotal genes in various
pathological processes of PE. For example, a
study by Niu et al [8] pointed out that the
expression level of miR-30a rises significantly in
the placental tissues of PE patients, and it
induces apoptosis and inhibits invasion of
trophoblasts by targeting IGF-1. Moreover, the
research of Fu et al [9] showed that miR-376¢
can target TGF-B signaling pathway to promote
the proliferation and invasion of trophoblasts.

In this present study, therefore, miRNAs were
screened out from the blood of PE patients and
healthy puerperae with normal labor using
microarray assay of gene expression profiles,
and functional validation was undertaken in HTR-
8/SVneo cell lines, so as to explore the effects of
miRNAs on the proliferation and apoptosis of
placental trophoblasts. The main aim of this
study is to further investigate the miRNAs playing
key roles in the pathological processes of PE,
thus providing new drug targets for the future
treatment of PE.

METHODS

Collection of general data and samples from
patients

Serum samples were obtained from 25 healthy
puerperae and 43 PE patients to screen out the
mMiRNAs that play an important role in the
pathological processes of PE. Both PE patients

and healthy puerperae were treated in our
hospital from January 2019 to January 2020.
Among them, PE patients were diagnosed based
on blood pressure > 140 / 90mmHg and
proteinuria (the protein level in urine collected
within 24 hours > 300 mg). The patients with
other diseases or those treated with other drugs
before collecting serum samples were excluded
from the present study. This study was approved
by the Ethics Committee of Jilin Province FAW
General Hospital (approval no. 031). Signed
informed consents were obtained from all
participants before the study. The study was
conducted by following the Declaration of
Helsinki [10].

Microarray assay of
profiles

miRNA expression

The differences in the expression profiles of
serum mMiRNAs between 3 PE patients and 3
healthy puerperae were analyzed using
GeneChip miRNA 1.0 (Affymetrix, Santa Clara,
CA, USA). An equal number of miRNAs were
first extracted from 3 PE patients and 3 healthy
puerperae and mixed separately as the miRNA
pool for patient group and control group,
respectively. One microgram of miRNAs was
extracted from each group of miRNA pool for
MiRNA microarray assay. The microarrays were
hybridized and glass slides were cleaned and
scanned as shown in literature [11].
Subsequently, the raw data of the microarrays
were analyzed using GeneSpring software
(Agilent, Santa Clara, CA, USA). In the present
study MiRNAs were considered to be
differentially expressed at log2 (fold change) > 2
and p < 0.05 Finally, = TargetScan
(http://www.targetscan.org), an online
bioinformatics tool, was employed to analyze and
predict the direct targets of differentially
expressed miRNAs.

Reverse transcription-quantitative polyme-
rase chain reaction (RT-qPCR)

Total RNAs were extracted from the serum and
tissues of patients strictly in accordance with the
manufacturer's instructions on the high-purity
total RNA rapid extraction kit (Bioteke
Corporation, Beijing, China). Complementary
deoxyribonucleic acids (cDNAs) were then
synthesized from the total RNAs using the M-
MLV RT kit (Promega, Wallisellen, Switzerland)
at 25 °C for 10 min, 42 °C for 50 min, and 95 °C
for 5 min. Subsequently, the cDNAs were
amplified using qPCR through 50 cycles of
denaturation at 95 °C for 10 sec, annealing at 60
°C for 20 sec and extension at 72 °C for 30 sec,
with B-actin as the internal reference. The
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relative fold changes of the corresponding
mMiRNAs and messenger RNAs (mRNAs) were
determined using 2-22Ct method. The experiment
was repeated at least 3 times, with the primer
sequences listed in Table 1.

Table 1: Primer sequences

Gene Primer sequence (3'-5"
MiR-19a GTTTTGCATAGTTGCACTA
GAACATGTCTGCGTATCTC
MiR-148a GTTCTGAGACACTCCGA
GAACATGTCTGCGTATCTC
MiR-575 GAGCCAGTTGGACAGG
GAACATGTCTGCGTATCTC
MiR-99a AACCCGTAGATCCGATC
GAACATGTCTGCGTATCTC
MiR-584 GGTTTGCCTGGGACTG
GAACATGTCTGCGTATCTC
MiR-521 CGCACTTCCCTTTAGAG
GAACATGTCTGCGTATCTC
PTEN TGAGTTCCCTCAGCCGTTACCT

GAGGTTTCCTCTGGTCCTGGTA

Cell culture and transfection

Human placental trophoblast cell lines (HTR-
8/SVneo) were utilized for functional validation of
miRNAs. HTR-8/SVneo cell lines were
purchased from American Type Culture
Collection (ATCC) cell bank (ATCC Cell Lines,
Manassas, VA, USA, CRL-3271, Lot No.
64275781), and they were cultured by the
methods described in literature [12]. Briefly,
HTR-8/SVneo cells were cultured with RPMI-
1640 medium containing 10 % fetal bovine
serum in a humidified incubator with 5 % CO- at
37 °C. When the density of cells in a 6-well plate
reached 60 %, transfection was started.

All cells were divided into 4 groups, namely miR-
19a mimic group, miR-19a inhibitor group, miR-
control (miR-con) group and control group. The
miR-19a mimic, miR-19a inhibitor and miR-con
were purchased from Shanghai GenePharma
Co., Ltd. (Shanghai, China). The transfection
doses of miR-19a mimic and miR-19a inhibitor
were 50 and 100 nM, respectively, and the
transfection was performed in strict accordance
with  the  manufacturer's instructions  of
Lipofectamine 2000 kit. At 24 h after transfection,
the cells were used for subsequent assays.

Phosphatase and tensin homolog deleted on
chromosome ten (PTEN) overexpression and
corresponding  control  vectors  (Addgene,
Watertown, MA, USA) were separately
transfected into HTR-8/SVneo cells using Amaxa
4D-Nucleofector X Kit in strict accordance with
the manufacturer's instructions, so as to
overexpress PTEN.

Cell counting kit (CCK)-8 assay

The effects of miR-19a mimic and miR-19a
inhibitor on the proliferation of HTR-8/SVneo
cells were examined using a CCK-8 kit
(Beyotime Biotechnology, Shanghai, China). The
HTR-8/SVneo cells in miR-19a mimic group,
miR-19a inhibitor group, miR-con group and
control group were separately seeded into a 96-
well plate at a density of 5 x 103 cells/well and
cultured at 37 °C for 24, 48 and 72 h. After
culture, each well was added with 20 yL of CCK-
8 reagent, and the cells were cultured at 37 °C
for 1 h. Finally, the optical density of cells was
measured at 450 nm using a microplate reader.

Cell apoptosis assay

The influence of expression level of miR-19a on
apoptosis of HTR-8/SVneo cells was evaluated
using a Guava flow cytometer (Millipore, Billerica,
MA, USA) and Annexin  V-fluorescein
isothiocyante (FITC)/ propidium iodide (PI)
(HaiGene, Harbin, China) staining. Cells were
first trypsinized, and the density was adjusted to
1 x 10° cells/mL using binding buffer. Then, they
were stained with Annexin V-FITC and PI for 15
min. The resulting cells were loaded and
analyzed using flow cytometry and FlowJo
software. This assay was performed in triplicate.

Cell cycle assay

The effect of the expression level of miR-19a on
the cycle of HTR-8/SVneo cells was examined by
Pl staining and flow cytometer. First, HTR-
8/SVneo cells were inoculated into 12-well
plates. When the density of cells was 60 %, they
were transfected with 50 nM miR-19a mimic or
100 nM miR-19a inhibitor using Lipofectamine
2000 kit strictly according to the manufacturer's
specifications. At 72 h after transfection, the cells
were digested by trypsin and harvested.

The harvested cells were fixed in 70 % ethanol
solution overnight at 4 °C. The resulting cells
were centrifuged, collected and re-suspended in
500 pL of phosphate-buffered saline (PBS)
containing 50 pg of RNase A. Subsequently, they
were incubated with 50 pL of Pl dye solution at
37 °C in the dark for 30 min. Finally, the cells
were loaded and analyzed using the Guava flow
cytometer.

Luciferase reporter gene assay
The direct target of miR-19a was determined by
luciferase reporter gene assay. The pMIR-

REPORT luciferase vector plasmid (pMIR,
Ambion, Grand Island, NY, USA) was used as a
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transfection tool. The 3' untranslated region
(UTR) of the mutant (MUT) PTEN gene
sequence was amplified using PCR and cloned
into a luciferase vector as a control plasmid.
Then, HTR-8/SVneo cells were co-transfected
with p-wild type (WT)-UTR plasmid or p-MUT-
UTR plasmid and miR-19a mimic.

Western blotting assay

After trypsinization, the cells were harvested and
lysed by cell lysis buffer (Beyotime
Biotechnology, Shanghai, China) on ice. Then,
the cells were centrifuged using a refrigerated
centrifuge at 12,000 x g and 4 °C for 12 min.
Subsequently, the concentration of proteins was
determined using the bicinchoninic acid (BCA) kit
(Beyotime Biotechnology, Shanghai, China).
Next, the proteins were isolated using 10 %
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) at 12 V and
transferred onto a polyvinylidene fluoride (PVDF)
membrane by the semi-dry transfer method
(Millipore, Billerica, MA, USA).

The PVDF membrane was sealed with tris
buffered saline (TBS) solution containing 5 %
skim milk powder for 1 h, incubated with primary
antibodies at the recommended concentration
and 4 °C for 24 h and washed 3 times with
phosphate buffered saline-tween (PBST) for 3
times (10 min/time). The membrane was
incubated with secondary antibodies (1:10,000)
for 1 h, and the color was developed using
diaminobenzidine (DAB) solution (Solarbio,
Beijing, China). Finally, protein bands were
guantitatively analyzed using ImageJ software.

Statistical analysis

Data are presented as mean =+ standard
deviation (SD), and statistically analyzed using
SPSS software (version 26.0) (SPSS Inc.,
Chicago, IL, USA). Comparison between multiple
groups was done using One-way ANOVA
followed by Post Hoc Test (Least Significant
Difference). P < 0.05 indicated significant
difference.

RESULTS
Expression levels of miR-19a

The differentially expressed miRNAs in the
serum of PE patients and healthy puerperae
were screened out using the microarray assay of
gene expression profiles to identify the important
miRNAs in the pathological processes of PE.
According to the screening results, the

expression profiles of miRNAs in the serum of
PE patients were notably different from those of
healthy puerperae. A total of 92 differentially
expressed miRNAs were screened out based on
the criteria of log2 (fold change > 2 and p <
0.05), of which 67 had notably raised expression
levels and 25 had a considerably decreased
expression level (Figure 1 A).

The differences in the expression levels of
miRNAs in the serum between PE patients and
healthy controls were verified by RT-qPCR to
further validate the reliability of the high-
throughput screening results. It was found that
compared with those in healthy puerperae, the
expression levels of miR-19a, miR-148a and
miR-575 declined significantly (p < 0.05), while
the expression level of miR-99a was remarkably
increased in PE patients, with no significant
differences in the expression levels of miR-584
and miR-521 (Figure 1 B).

MiR-19a promoted the
trophoblasts

proliferation  of

Human trophoblast HTR-8/SVneo cells were
transfected with miR-19a mimic, miR-19a
inhibitor or miR-con to examine the effects of
miR-19a on their proliferation. The results of RT-
gPCR showed that there was no significant
difference in the expression level of miR-19a in
the cell lines between miR-con group and control
group (p > 0.05), while the expression level of
miR-19a rose significantly in miR-19a mimic
group compared with that in control group,
showing a statistically significant difference (p <
0.05). Moreover, miR-19a inhibitor group
exhibited a notably lower expression level of
miR-19a in cells than control group, with a
statistically significant difference (p < 0.05 Figure
2 A).

According to the results of CCK-8 assay, the cell
viability in miR-19a mimic group was significantly
stronger than that in miR-con group and control
group at 48 and 72 h, except 24 h, and the data
were significantly different (p < 0.05). Besides,
miR-19a inhibitor group exhibited distinctly
weakened cell viability at 48 and 72 h compared
with miR-con group and control group, with a
statistically significant difference (p < 0.05 Figure
2 B). Finally, the results of cell cycle assay
revealed that compared with miR-con group and
control group, miR-19a inhibitor group had
significantly more cells arrested in the G1 phase,
while miR-19a mimic group had obviously fewer
Gl-phase cells, with a statistically significant
difference (p < 0.05 Figures 2 C and D).
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Figure 1. Expression level of miR-19a was significantly decreased in the serum of PE patients. (A) Clustering
heat maps of differentially expressed miRNAs in the serum of PE patients and healthy puerperae. (B)
Differentially expressed miRNAs in the serum of PE patients and healthy puerperae determined by RT-gPCR
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Figure 2: MiR-19a enhanced trophoblast proliferation. (A) Differences in the expression level of miR-19a among
miR-19a mimic group, miR-19a inhibitor group, miR-con group and control group determined by RT-gPCR. (B)
Impact of miR-19a expression level on trophoblast proliferation determined via CCK-8 assay. (C, D) Effect of
miR-19a expression level on trophoblast cycle. **P < 0.05 vs. miR-con group

Decline in miR-19a expression level con and control groups, the apoptosis rate of
enhanced the apoptosis of trophoblasts HTR-8/SVneo cells was significantly raised by
miR-19a inhibitor.
It was found through flow cytometry and Annexin
V-FITC/PI staining that the apoptosis rate of cells
was 16.8 % in control group, 20.7 % in miR-con
group, 4.6 % in miR-19a mimic group, and 32.3
% in miR-19a inhibitor group (Figure 3). These
results showed that compared with that in miR-
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PTEN was the direct target of miR-19a Western blotting results showed that the protein
expression levels of phosphorylated Akt (p-
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bioinformatics software, that PTEN was a group, but nOtany declined in miR-19a inhibitor
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gPCR results further revealed that the mRNA control group.
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control group (Figure 4 C). These results suggest MiR-19a mimic group, but they were evidently
that PTEN may be the direct target of miR-19a. raised in miR-19a inhibitor group (Figure 6).
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Figure 4: PTEN was a potential target of miR-19a. (A) PTEN was predicted to be the direct target of miR-19a
using TargetScan software. (B) Effect of miR-19a expression level on the mRNA expression level of PTEN, as
determined using RT-gPCR. (C) Effect of miR-19a expression level on the protein expression level of PTEN, as
measured using Western blotting. **P < 0.05 vs. miR-con group
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Figure 5: Direct acting relationship between miR-19a and PTEN validated by luciferase reporter gene assay. (A)
WT-PTEN-3'UTR and MUT-PTEN-3'UTR sequences. (B) Direct acting relationship between miR-19a and PTEN
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Akt signaling pathway and its downstream molecules
determined by Western blotting assay

MiR-19a contributed to the proliferation of
trophoblasts by targeting PTEN

The results of CCK-8 assay revealed that,
compared with that in vehicle group, the cell
viability clearly rose significantly in miR-19a
mimic + vehicle group at 48 and 72 h, showing a
statistically significant difference (p < 0.05).
Moreover, the viability of cells in miR-19a mimic
+ PTEN overexpression group was significantly
poorer than that in miR-19a mimic + vehicle
group at 48 and 72 h, (p < 0.05 Figure 7 A).

According to the results of flow cytometry and
Annexin V-FITC/PI staining showed that the
apoptosis rates were 23.7, 3.2, and 27.3 % in
vehicle group, miR-19a mimic + vehicle group
and miR-19a mimic + PTEN overexpression
group, respectively (Figure 7 B). These results
indicate that the overexpression of PTEN notably
abolishes the anti-apoptotic effect of miR-19a
mimic on HTR-8/SVneo cells.

A

4 miR-18a mimic + Veh
Vehicle

3 .- miR-19a mimic +
PTEN overexpression

Apoptosis rate(%)

CCK-8 absorbance
(OD)

Oh 24h 48h T2h

Figure 7: MiR-19a targeted PTEN to promote
trophoblast proliferation. (A) Effect of overexpression
of PTEN on the pro-proliferative effect of miR-19a on
HTR-8/SVneo cells determined via CCK-8 assay. (B)
Effect of overexpression of PTEN on the anti-apoptotic
effect of miR-19a mimic on HTR-8/SVneo cells using
Annexin V-FITC/PI staining. **P < 0.05 vs. miR-19a
mimic + vehicle group

DISCUSSION

Preeclampsia (PE) is an extremely complex
disease, that may cause neonatal death. Most
studies have shown that the complex
pathological processes of PE are significantly
related to genetics, immunity, and systemic
infammation, but there has been no
understanding of its exact pathogenesis [13]. The
mMiRNAs are single-stranded, small-molecule,
non-coding RNAs with a small molecular weight,
and they can negatively regulate gene
expression. It has been pointed out by massive
studies that disturbance of the miRNA regulatory
network is an important player in the progression
of PE [14]. Therefore, it is urgent for researchers
to further explore the function and mechanism of
differentially expressed miRNAs experiencing
notable changes in PE, so as to understand the
molecular pathogenesis of PE.
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In the present study, it was determined by
microarray assay and low-throughput RT-gPCR
that the expression level of serum miR-19a
dropped considerably in PE patients. Then the
molecular function of miR-19a was verified using
in vitro assays. The results of CCK-8 and CFSE
assays, an increase in the expression level of
miR-19a significantly raised the proliferation rate
of HTR-8/SVneo cells, while the decline in
expression level of miR-19a obviously lowered
the proliferation rate of HTR-8/SVneo cells.
Moreover, the results of cell apoptosis assay
revealed that a rise in the expression level of
miR-19a repressed apoptosis of HTR-8/SVneo
cells, whereas a decrease in the expression level
of miR-19a contributed to apoptosis of HTR-
8/SVneo cells. Subsequently, it was found
through molecular mechanism assay that miR-
19a targeted PTEN to activate the Akt signaling
pathway, thereby promoting the proliferation of
HTR-8/SVneo cells and repressing their
apoptosis.

Currently, some studies have demonstrated that
the expression level of miR-19a is significantly
decreased in the placental tissues of PE patients.
For instance, Zhu et al [15] screened
differentially expressed miRNAs in the placentas
of 8 patients with moderate PE and 15 patients
with severe PE by microarray assay and RT-
gPCR and found that miR-19a has a significantly
decreased expression level in the placental
tissues of PE patients. The results of study of
Wang et al [16], showed that the expression level
of miR-19a substantially falls in the placental
tissues of PE patients and hypoxic trophoblast
layers. Consistent with these findings, the results
of the present study demonstrated that an
increase in expression level of miR-19a was
likely to play some role in pathogenesis of PE.

A previous study stated that miR-19a, located on
chromosome 13931, belongs to the miR-17-92
family and has physiological functions closely
related to embryonic development and tumor cell
proliferation and apoptosis [17]. Many studies
have demonstrated that miR-19a functions by a
mechanism that is prominently related to
targeting PTEN. For example, miR-19a targeted
PTEN in order to accelerate the proliferation of
cervical cancer cells as pointed out in the study
of Wang et al [18]. Based on the research results
of Hou et al [19], miR-19a is able to activate
PTEN by targeting the PI3K/Akt signaling
pathway in bronchial smooth muscle cells,
thereby promoting their proliferation. Moreover,
the results of the study conducted by Sun et al
[20] disclosed that miR-19a targets the
PTEN/PI3K/Akt signaling pathway, so as to

restrain  the  hypoxia/reoxygenation-induced
apoptosis of cardiomyocytes.

According to current studies, (phosphatase and
tensin homolog) PTEN is generally recognized
as a tumor suppressor gene. A large number of
studies report that PTEN mutation or a decline in
its expression level will cause abnormal cell
proliferation and prevent cell apoptosis in many
different types of tumors. The decreased
proliferative capacity and excessive apoptosis of
placental trophoblasts may play a pivotal role in
the pathological processes of PE. Therefore, it
can be inferred that the increase in expression of
PTEN caused by various reasons can
significantly restrain the proliferation and facilitate
apoptosis of placental trophoblast cells. At
present, there is evidence that PTEN may serve
as a drug target for treatment of PE. First, the
studies of Xiao et al [21] and Ishioka et al [22]
have proposed that the protein expression level
of PTEN in the placental tissues of PE patients is
significantly  higher than that in healthy
puerperae, and an increase in its expression
level is accompanied by an increased apoptosis
rate and a decreased proliferation rate in
trophoblasts. As shown in the study of Wu et al
[23], overexpression of INCRNA TCL6 can drive
the progression of PE by modulating PTEN.
According to the findings in the present study,
miR-19a mimic targeted PTEN to significantly
promote the proliferation of HTR-8/SVneo cells
and inhibited their apoptosis, whereas miR-19a
mimic and overexpression of PTEN dramatically
repressed the proliferation of HTR-8/SVneo cells
and promoted their apoptosis.

CONCLUSION

The findings of this study suggest that miR-19a
promotes proliferation and inhibits apoptosis of
trophoblasts (HTR-8/SVneo cells) in human
placentas by targeting PTEN, thus providing new
potential drug targets that can be investigated for
the treatment of PE.
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