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Abstract. The molecular mechanism that leads to preg-
nancy-induced hypertension (PIH), a pregnancy-specific
syndrome, remains poorly understood. It has been suggested
that microRNAs (miRNAs) may be potentially useful
biomarkers for severe preeclampsia (PE), which is an impor-
tant condition associated with PIH. The aim of the present
study was to identify miR-204 by verifying differentially
expressed serum miRNAs in patients with PIH during preg-
nancy compared with normal controls. Subsequently, the
effects of miR-204 on proliferation and apoptosis of human
choriocarcinoma (JAR) cells in hypoxic microenvironment
were investigated. Previous studies indicated a number
of miRNA candidates and the present study validated
the expression of eight miRNAs in serum samples using
reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). A higher expression of miR-204 was identified in
patients with PIH. To assess the impact of miR-204 inhibi-
tion on hypoxic JAR cells function in vitro, cell proliferation
was detected using a Cell Counting Kit-8 assay. The rate of
apoptosis and cell cycle progression was then examined by
flow cytometry. RT-qPCR confirmed that serum miR-204-5p
is more highly expressed in patients with PIH. Further statis-
tical analysis indicated that the survival ratio of JAR cells in
hypoxic microenvironments was increased in the miR-204-5p
inhibitor group. However, the miR-204-5p inhibitor protected
hypoxic JAR cells from apoptosis. The analysis of cell-cycle
status demonstrated that the percentage of cells in the G2/G1
phase was larger compared with the control group. The results
of the present study suggest that low levels of miR-204-5p may
increase cell proliferation and reduce cell apoptosis with cell
cycle changes in vitro. Therefore, serum miR-204-5p may be
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preeclampsia,

used as a notable biomarker for the diagnosis, prevention and
treatment of PIH.

Introduction

Pregnancy-induced hypertension (PIH) is a syndrome that
occurs during pregnancy. PIH is the primary cause of maternal,
neonatal and fetal mortality and morbidity (1). PIH is defined
by a diastolic blood pressure (DBP) >90 mmHg and systolic
blood pressure (SBP) >140 mmHg, and causes complications
in 6-10% of pregnancies. Therefore, PIH is classified as either
mild (SBP, 140-149 mmHg; and DBP, 90-99 mmHg), moderate
(SBP, 150-159 mmHg; and DBP, 100-109 mmHg) or severe
(SBP, 2160mmHg; and DBP, =110 mmHg) (2,3). According
to the Canadian Hypertension Society (4), an important
condition associated with PIH is gestational hypertension and
preeclampsia (PE), a common health problem with adverse
effects for fetus and mother (5). It has been indicated that
patients with PIH may be at a higher long-term risk of other
medical conditions in later life, including diabetes mellitus,
hypertension, kidney disease and cardiovascular disease (6).
Indeed, a positive association between PIH and hypertensive
diseases was observed in a study of 3,593 women with PE
during their first singleton pregnancy (7).

Ithasbeen suggested that PIH is impacted by endothelial cell
injury occurring during maternal and blood vessel formation
disorder in the placenta, which may result from different cell
factors generated in placental hypoxia (8). However, the patho-
genic molecular mechanism of PIH is not yet fully understood
and therefore there is difficulty in monitoring disease progress.
PIH is a genetic disease that develops through a multi-step
process (9,10). Significant progress in the development of
novel therapeutic agents may improve the understanding of
the molecular basis of gene-disease interactions. Although a
number of challenges remain regarding the prediction, preven-
tion and management of PIH, previous studies have suggested
that serum-based microRNAs (miRNAs) may be potential
biomarkers or effective therapy for early detection, diagnosis
and follow-up of severe PE (11,12). This may provide novel
suggestions for the management of PIH.

The discovery of miRNAs was a landmark milestone
in molecular biology and pharmacology. miRNAs are a
series of small (18-24 nucleotides) endogenous noncoding
single-stranded RNAs, which can post-transcriptionally
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regulate target mRNAs by a non-perfect pairing of 6-8 nucleo-
tides (13). Target mRNAs are subsequently degraded by the
formation of RNA-induced silencing complex, which suggests
that miRNAs may control a range of different biological
functions including cellular differentiation, proliferation and
apoptosis (14). A higher expression of miRNA has been identi-
fied in the placenta of patients with PIH, suggesting that they
may have a function in the placenta of patients with severe
PE. These miRNAs include miR-92b, miR-342-3p, miR-197,
miR-25, miR-296-5p, miR-26a, miR-202, miR-198, miR-95
and miR-204-5p (15-17), and alterations in miRNA expres-
sion may serve a critical role in disease progression due to
the negative transcriptional or post-transcriptional regulation
of important target genes (18). The present study aimed to
examine whether the aforementioned miRNAs that underwent
significant alterations in expression during the course of PIH
are regulated by miRNAs.

In the present study, differentially expressed miRNAs
were investigated in the serum of patients with PIH using
reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR). The results indicate that miR-204-5p may affect
cell proliferation, cell apoptosis and cell cycle progression in
the hypoxic model in vitro. The results of the present study
may be therefore be the basis for further studies to examine the
pathophysiological mechanism and identify PIH biomarkers
in order to improve the diagnosis, prevention and treatment
of PIH.

Materials and methods

Patient characteristics, clinical features and serum harvest.
For the identification of PIH-specific serum miRNAs, a total
of 40 patients were selected: 20 healthy female volunteers
as controls and 20 female patients with PIH, were recruited
from the Third Affiliated Hospital, Sun Yat-sen University
(Guangzhou, China; Table I) between December 2014 and
March 2015, having given informed consent to be included
in the present study. Differentially expressed miRNAs were
directly validated using RT-qPCR according to previous
research (19). As presented in Table I, the exclusion criteria
for both groups included: Patients with kidney disease or
essential hypertension, a history of alcohol or drug abuse, and
illegal drug addiction within the 6 months prior to signing
the informed consent. Furthermore, the PIH patients were all
pathologically diagnosed by doctors and all blood samples
were collected prior to any surgery, chemotherapy and/or
radiation treatment.

From each patient, 5 ml venous blood was collected on first
admission to the hospital. Blood was drawn into a sterile tube
without anticoagulant to harvest cell-free serum. The tube was
left in a standing position for 20 min prior to centrifugation
at 20°C and 1,500 x g for 10 min. The supernatant serum was
quickly removed by pipette and stored immediately at -80°C
until analysis. The present study was approved by the Ethics
Committee from the Third Affiliated Hospital, Sun Yat-sen
University and a signed informed consent form was obtained
from each participant prior to the study.

Cell culture and treatment. The human choriocarcinoma
(JAR) cell line was obtained from the American Type
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Culture Collection (ATCC; Manassas, VA, USA). JAR cells
were cultured for 24 h in growth media containing high
glucose-Dulbecco's modified Eagle's medium and supple-
mented with 10% fetal bovine serum (Hyclone; GE Healthcare
Life Sciences, Logan, UT, USA) and 1% penicillin/strepto-
mycin (Mediatech, Inc., Manassas, VA, USA) in a humidified
atmosphere of 5% CO, and a temperature of 37°C.

Following dilution into single cell suspensions and seeding
into 96-well plates (1x10* cells/well), a JAR cell hypoxic model
was induced using an AnaeroPack® system (Mitsubushi Gas
Chemical America, Inc., New York, NY, USA) for 48 and 72 h,
respectively, prior to harvesting for total RNA isolation (20).

Total RNA isolation and reverse transcription. TR1zol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) was used to prepare total RNA and subsequently, 75%
ethanol replaced isopropanol for RNA precipitation, according
to the manufacturer's protocol. RNA quality was determined
using a NanoDrop 1000 spectrophotometer (Thermo Fisher
Scientific, Inc., Wilmington, DE, USA). A total of 1 ug RNA
was reverse-transcribed into cDNA using a DBI Bestar® qPCR
RT kit (DBI Bioscience, Ludwigshafen, Germany) according
to the manufacturer's protocol.

Quantitative polymerase chain reaction (qPCR) of mature
miRNAs.RT-qPCR was performed using a 7500 Fast Real-Time
PCR System Light Cycler (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The 20 ul PCR reaction included 1 pl
reverse transcription product (1:5), 0.5 ul sense primer, 0.5 ul
universal reverse primer and 10 ul DBI-2043 Bestar® Real
time PCR Master Mix (DBI Bioscience). The reactions were
incubated at 94°C for 2 min in a 96-well optical plate, followed
by 40 cycles of 94°C for 20 sec, 8°C for 20 sec and 72°C for
20 sec. All reactions were completed in triplicate and primer
sequences are listed in Table II. mRNAs were quantified using
the 244€4 formula (21).

Cell proliferation detection. miR-204-5p inhibitor (Shanghai
GenePharma, Ltd., Shanghai, China) was transfected into the
hypoxic JAR cells using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) prior to incubation in DMEM
without FBS at 37°C for 48 h. JAR cells were then transfected
with 100 nM miR-204-5p inhibitor and subjected to the
hypoxia precondition for 48, 72 and 96 h respectively. Then,
100 ul Cell Counting Kit-8 solution (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan) was added to each well
and incubation was completed for 1 h at 37°C. Absorbance was
measured at 450 nm using a microplate reader.

Apoptosis assay. Following transfection of the miRNA
inhibitor in the hypoxic environment for 48 h, quantifica-
tion of the apoptotic cells was completed using the Annexin
V-FITC/PI apoptosis detection kit (Merck Millipore,
Darmstadt, Germany). JAR cells were collected by trypsin
digestion method (22), washed with phosphate buffered saline
(PBS) and re-suspended in 200 ul binding buffer containing
5 ul Annexin V (10 pg/ml) in DMEM with FBS at 37°C
for 10 min in the dark. The cells then underwent incuba-
tion with 10 gl PI (20 pg/ml) for 15 min and samples were
analyzed using an EPICS® XL™ flow cytometer (Beckman
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Table I. Characteristics of study subjects in the control and PIH groups.

Onset
Group Age, years Height, cm Weight, kg GA, weeks BP, mmHg
Control 25.84+3.56 161.54+13.28 67.35+£7.68 35.32+2.79 140.23+18.32
(range, 23-34)
PIH 27.23+6.42 165.32+17.45 67.29+6.83 34.92+1.98 200.35+12.91

(range, 21-34)

Data are presented as mean + standard deviation. PIH, pregnancy-induced hypertension; GA, gestational age; BP, blood pressure.

Table II. Sequences of primers used to validate selected
miRNAs.

Gene Sequence (5'-3")

miR-197-3p F: ACACTCCAGCTGGGTTCACCACCTTCT
miR-26a-5p F: ACACTCCAGCTGGGTTCAAGTAATCCA
miR 198 F: ACACTCCAGCTGGGGGTCCAGAGG
miR-204-5p F: ACACTCCAGCTGGGTTCCCTTTGTCA
miR-92 F: TATTGCACTCGTCCCGGCCTCC
miR-95-5p F: ACACTCCAGCTGGGTCAATAAATGTC
miR-202-3p F: ACACTCCAGCTGGGAGAGGTATAGG
miR-296-5p F: ACACTCCAGCTGGGAGGGCCCCCC

For all R: TGGTGTCGTGGAGTCG

8[¢ F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

miR, microRNA. F, forward; R, reverse.

Coulter, Inc., Brea, CA, USA). Data acquisition and analysis
were performed using CellQuest™ software version 5.1 (BD
Biosciences, Franklin Lakes, NJ, USA) (23,24).

Cell cycle assay. Following transfection of the miRNA
inhibitor into the hypoxic environment and incubation at 37°C
for 48 h, JAR cells were collected by trypsin digestion method
and washed with PBS prior to re-suspension in 250 1 DMEM.
Cold (4°C) dehydrated ethanol (99%) was added to this buffer
and incubated overnight at 4°C. Following treatment, cells were
collected and incubated with 200 ul PI (20 p#g/ml) using a cell
cycle assay kit (Vazyme Biotech, Co., Ltd., Nanjing, China) at
37°C for 15 min. Samples were immediately analyzed using
flow cytometry (EPICS® XL™; Beckman Coulter, Inc.). Data
acquisition and analysis were performed using CellQuest soft-
ware version 5.1 (BD Biosciences) (23,24).

Data analysis. For RT-qPCR data analysis, the relative
quantification method was used to determine the changes in
the expression of the target miRNAs. U6 RNA was used to
normalize the expression and change in amplification. The
fold change in expression was calculated for each sample using
2444 where AACq=(Cq target gene-CqU6) PIH-(Cq target
gene-CqU6) control (25). A value of 224% >1.5 or <0.67 was

considered to represent differentially expressed miRNA. The
Welch #-test was used to assess the differential expression of
miRNA measured by RT-qPCR.

For other data analysis, Statistical analysis was
performed using SPSS, version 17.0 (SPSS, Inc., Chicago, IL,
USA). One-way analysis of variance was used to compare
log,,-transformed relative quantities of target miRNAs
between all groups. Bartlett's test was used to assess the
differences in variance between genes. P<0.05 was consid-
ered to represent a statistically significant difference for all
experiments.

Results

Validation of eight serum miRNAs in patients with PIH. The
expression profile of eight serum microRNAs were selected,
based on a previous study, (under review, data not shown),
for further examination in 18 PIH patients that represented
a significant 2-fold change using RT-qPCR. Expression
levels of miR-197-3p, miR-92b-3p, miR-342-3p, miR-26a-5p,
miR-198, miR-204-5p, miR-296-5p and miR-95-5p were
measured in the serum samples of 12 patients with PIH and
6 normal controls (Fig. 1). The results showed significantly
elevated expression of miR-197-3p, miR-92b-3p, miR-26a-5p,
miR-198 and miR-204-5p in patients with PIH compared
with controls (P<0.001; Fig. 1A, B and D-F). However,
levels of miR-342-3p, miR-296-5p and miR-95-5p not differ
significantly between PIH patients and controls (Fig. 1C and
G-H).

Expression of miRNAs in the hypoxic environment in vitro.
The expression of miR-197-3p, miR-92b-3p, miR-26a-5p,
miR-198 and miR-204-5p were selected to be assessed in vitro,
on the basis of the results of the aforementioned clinical
sample examination. Only miR-204-5p expression increased
significantly in a time-dependent manner in hypoxic JAR cells
(0, 48 and 72 h; Fig. 2).

Effect of miR-204-5p inhibitor on cell proliferation. The
effect of miR-204-5p inhibitor on JAR cell proliferation
was subsequently assessed. In hypoxia pre-treatment JAR
cells, cellular proliferation was enhanced significantly in a
time-independent manner in the miR-204-5p inhibitor group,
as indicated by the number of cells detected at each time point
(P<0.001; Fig. 3).
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Figure 1. Expression of miRNAs in serum samples of healthy controls and patients with PIH, detected using reverse transcription-quantitative polymerase chain
reaction. Expression of (A) miR-197-3p, (B) miR-92b-3p, (C) miR-342-3p, (D) miR-26a-5p, (E) miR-198, (F) miR-204-5p, (G) miR-296-5p and (H) miR-95-5p
in serum samples of healthy normal controls and patients with PIH. Data are presented as the mean + standard deviation. All experiments were repeated
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Figure 2. Expression of miR-197-3p, miR-92b-3p, miR-26a-5p, miR-198
and miR-204-5p in human choriocarcinoma JAR cells following hypoxia
pre-treatment for 0, 48 and 72 h respectively, detected using reverse tran-
scription-quantitative polymerase chain reaction. Data are presented as the
mean + standard deviation. All experiments were repeated independently
three times. "P<0.05; “"P<0.01; ""P<0.001 vs. 0 h. miR, microRNA.

Effects of miR-204-5p inhibitor on cell apoptosis and cell
cycle progression. Apoptosis and cell cycle distribution were
analyzed using flow cytometry following the transfection

P<0.001 vs. control group. miR, microRNA; PIH, pregnancy-induced hypertension.
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Figure 3. miR-204-5p inhibitor protects growth of JAR cells in the hypoxic
environment in vitro. Cell viability was measured using a Cell Counting
Kit-8 assay. Cells were counted at 48, 72 and 96 h. Data are presented as
the mean + standard deviation. All experiments were repeated independently
three times. ““P<0.001 vs. NC group. NC, normal control group, OD, optical
density; miR, microRNA.

of miR-204-5p inhibitor and hypoxia pre-treatment for
48 h. Compared with the control group, JAR cell exposure
to miR-204-5p inhibitor exhibited typical protection from
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Figure 4. Induction of JAR apoptosis. (A) Cell apoptosis following hypoxia treatment for 24, 48 and 72 h. (B) Percentage of JAR cells undergoing apoptosis at
different time points during hypoxia. Data are presented as the mean + standard deviation. All experiments were repeated independently three times. “P<0.01
vs. NC inhibitor group. NC, normal control; PI, propidium iodide; FITC, fluorescein isothiocyanate; miR, microRNA.

apoptotic morphology with nuclear fragmentation, cell
shrinkage and cellular rupture into debris. Apoptosis occurred
at a significantly higher rate in cells treated with the negative
control compared with the group treated with miR-204-5p
inhibitor (P<0.01; Fig. 4). Assessment of the cell cycle indi-
cated that the ratio of cells in the G2/G1 phase increased,
although this increase was not significant. However, G1 cell
cycle arrest was significantly reduced following transfection
with the miR-204-5p inhibitor (P<0.05; Fig. 5).

Discussion

To the best of our knowledge, the molecular mechanism
during PIH pathogenesis, which is responsible for the occur-
rence and progression of the syndrome, remains unknown.
miRNAs may target a large number of genes and partici-
pate in numerous cellular events that may be important in

maintaining homoeostasis in a number of organs, including
the placenta (26). In the present study, due to the developing
understanding of miRNA expression in PIH, the expression
of eight miRNAs was identified in the serum samples of
healthy controls and patients with PIH using RT-qPCR. The
results of the present study identified that five of the eight
miRNAs (miR-197-3p, miR-92b-3p, miR-26a-5p, miR-198
and miR-204-5p) are more highly expressed in patients with
PIH (Fig. 1). This indicates that a number of miRNAs may
impact the course of PIH. Further detection of these miRNAs
using a hypoxia pre-treatment cell model demonstrated that
only miR-204-5p expression increased in a time-dependent
manner in hypoxic JAR cells (Fig. 2), which suggests that
miR-204-5p reduced JAR cell proliferation as a suppressor
in the hypoxic environment. Effects of the miR-204-5p
inhibitor on cell function were also examined, the results of
which suggested that the miR-204-5p inhibitor may enhance
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Figure 5. Induction of JAR cell cycle change. (A) Cell cycle distribution following hypoxia treatment for 24, 48 and 72 h. (B) Percentage of JAR cells in cycle
in S, GI and G2 phases following 48 h of hypoxia. Data are presented as the mean =+ standard deviation. All experiments were repeated independently three
times. "P<0.05 vs. G1 phase arrest in NC group at the same time point. NC, normal control; miR, microRNA.

the cellular population of JAR cells in the hypoxic environ-
ment (Fig. 3) and protect JAR cells from apoptosis (Fig. 4) by
reducing Gl cell cycle arrest (Fig. 5). The data collected in the
present study indicates that miR-204-5p may be an important
therapeutic target for the improved prediction, prevention and
treatment of PIH.

The present study produced evidence that expression of
miR-204-5p, which acts as a potent cell survival suppressor
in vitro, is somatically increased in patients with PIH. This
is consistent with the results from a previous study, which
indicated that miR-204 is also upregulated in the serum of
endometrial carcinoma patients (27). Other previous studies
have demonstrated that miR-204-5p expression is decreased
in several types of solid tumors (28-32). It has been previ-
ously determined, using a human miRNA microarray, that
miR-204-5p is markedly downregulated in endometrioid
adenocarcinoma tissues (32), inhibiting tumor growth in renal
clear cell carcinoma (33,34), and that it suppresses invasion I
endometrial cancer (35), gastric cancer (36), and head and neck
tumor (37). This implies that a change of miR-204-5p may be
common in tumorigenesis and reinforces the complexity of
miR-204 regulation. There have been limited studies focusing

on the association between PIH and miR-204-5p, as a poten-
tial marker of this syndrome. The results of the present study
support the possibility that miR-204-5p may be a potential
biomarker for good prognosis of PIH. Thus, therapeutic
approaches targeting elevated levels of miR-204-5p should be
investigated as a novel approach to improve clinical outcomes
for patients with PIH.

miRNA typically targets the 3' untranslated region of genes
and leads to a significant reduction of full-length proteins (38).
It has previously been suggested that the ratio of fms-like tyro-
sine kinase-1 (sFlt-1) and placental growth factor (PIGF) may
be an additional diagnostic or predictive tool for PE (39,40).
A meta-analysis showed increased concentrations of placental
sFltl and decreased concentrations of PIGF in pregnancies in
which the mother developed PE (41). Furthermore, the level
of vascular endothelial growth factor was lower in women
who developed PE, compared with those that did not (42). One
previous study produced a series of gene profiles in human
peripheral blood mononuclear cells and investigated their
association with PE (43). However, the molecular mechanism
of miR-204-5p of targeting these important genes during PIH
or PE requires further study.
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In conclusion, the present study demonstrated that the

expression of miR-204-5p is significantly upregulated in the
clinical serum samples of patients with PIH. Suppression of
miR-204-5p by its specific inhibitor induces JAR cell growth,
decreases cell apoptosis and changes the cell cycle in vitro.
Therefore, miR-204-5p may be considered as a potential unfa-
vorable progression indicator for patients with PIH and may
serve as a therapeutic target in the future.
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