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Abstract

Purpose: The cause of unexplained recurrent spontaneous abortion (URSA) is unknown.
miR-210 regulates vascular endothelial cell proliferation and migration. However, whether
it plays a role in URSA remains poorly understood. Our study intends to assess miR-210’s
role in URSA.

Materials and Method: Patients with recurrent abortion who underwent uterine surgery
were selected as URSA group and normal early pregnancy patients who required
termination of pregnancy were selected as a control group. The miR-210 level was
detected by real time PCR. HTR-8/SVneo cells were assigned into NC group, miR-210
mimics group, and miR-210 inhibitor group, followed by analysis of cell proliferation by
MTT assay, Caspase 3 activity, TNF-a and IL-6 secretion by ELISA, Bax/Bcl-2 expression by
Real time PCR and PI3K/Akt signaling protein level by western blot.

Results: miR-210 was significantly lower in URSA group than control group (P <0.05). miR-
210 mimics significantly up-regulated miR-210, promoted cell proliferation, decreased
Caspase 3 activity and Bax level, upregulated Bcl-2, activated PI3K/Akt, and reduced TNF-
a and IL-6 secretion (P <0.05). However, miR-210 inhibitor significantly down-regulated
miR-210, inhibited cell proliferation, upregulated Caspase 3 activity and Bax,
downregulated Bcl-2, inhibited PI3K/Akt, elevated TNF-a and IL-6 secretion (P <0.05).
Conclusions: miR-210 expression is recued in URSA. Targeting miR-210 can affect cell
proliferation and apoptosis, and inhibit inflammatory factors secretion.

Keywords: Unexplained recurrent abortion; miR-210; trophoblast; PI3K / Akt signaling

pathway.

Introduction

Recurrent spontaneous abortion (RSA) is a
common disease in obstetrics, which often occurs
in early pregnancy and in the same month of
pregnancy [1, 2]. The causes of recurrent
miscarriage are complicated, including genetics,
endocrine  disorders,  reproductive  system
abnormalities, infectious diseases, blood group
incompatibility, immune rejection and other factors
[3, 4]. However, the etiology of a large proportion of
patients with recurrent miscarriage is unknown and
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it is called as unexplain recurrent spontaneous
abortion (URSA) [5]. With the changes in people's
living environment, lifestyle and work stress, the
incidence of URSA has increased recently,
accounting for about 50% of recurrent miscarriages,
increasing the difficulty of treatment and attracting
the attention of obstetricians and gynecologists [6].
In several studies, the placenta has become a
research focus. The formation of a functional
placenta network is a key organ for maternal-fetal
communication, which maintains nutrient supply
and establishes maternal-fetal tolerance [7]. The
main cells in the placental tissue are trophoblasts,
which are the first to differentiate in the blastocysts.
Trophoblasts are important cells for placenta
formation, embryonic growth and development
and successful completion of pregnancy [8, 9].
Therefore, trophoblast proliferation,
differentiation, migration, and apoptosis are
essential for the formation and function of the
placenta. With the progress of pregnancy and the
development of placenta, placental trophoblast
proliferation, differentiation and apoptosis are
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abnormal, the inflammatory environment is
generated, the trophoblast is prone to cause
repeated spontaneous abortion as well as fetal
intrauterine growth restriction and other pregnancy
diseases [10, 11].

MicroRNAs inhibit gene translation and reduce
its stability to regulate gene expression, which in
turn affects protein translation [12, 13]. miRNAs are
important messengers and vectors for information
transfer between cells and for regulating other cell
biological functions [14]. miRNAs have been
considered as powerful regulators of several
cellular processes, such as cell differentiation, and
apoptosis [15]. MiR-210 is abnormally expressed in
various diseases such as cardiovascular diseases
and tumors [16-18]. However, the relationship
between miR-210 and URSA has not been reported.
Our study intends to assess miR-210’s role in URSA.

Materials and methods
Patients

Thirty patients with recurrent miscarriages
(URSA group) who were admitted to our hospital's
obstetrics and gynecology department and
underwent hysterectomy from January 2018 to
December 2018 were selected. Selection criteria:
symptoms of vaginal bleeding and/or abdominal
pain; B-mode ultrasonography without original
cardiac tube pulsation; spontaneous abortions at 2
or more times; no abnormalities or diseases in
anatomical structure, endocrinology,
chromosomes, reproductive tract infection,
immunity, etc. No medications previously. In the
same period, normal early pregnancy patients
requiring termination of pregnancy were selected
as the control group. The selection criteria were: no
threatened abortion symptoms; B-ultrasound
examination showed normal intrauterine
pregnancy and normal embryo development; no
anatomy, endocrine, chromosomal, reproductive
tract infection, immunity, etc. Abnormalities or
diseases, no history of miscarriage. Patients in both
groups underwent hysterectomy, and villous tissue
was removed during the operation. 30 pregnant
women in URSA group were singleton pregnancy,
aged 22-47 years, mean age (32 + 3.5) years, and
pregnancy weeks 20-22 weeks and mean pregnancy
week number (21 + 1.5) weeks. The control group
was consisted of 35 normal pregnant women during
the same period, singleton pregnancy, age 20-42
years, mean age (31 * 5.2) years, gestation weeks
20-26 weeks, and mean pregnancy weeks (22 + 2.5)
weeks. No significant differences were found
regarding general clinical data such as age,
gestational week, and body weight (P> 0.05)
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between the two groups. This study was performed
by the medical ethics committee of our hospital. All
participants signed the informed consent.

Main reagents and instruments

Placental trophoblast-derived cell line HTR-8 /
SVneo was purchased from ATCC, USA. Trizol
reagent, RNA extraction and reverse transcription
(RT) kit, and real-time-PCR reagent were purchased
from Invitrogen, USA. DMEM culture solution, fetal
bovine serum (FBS), and green chain monoclonal
antibody were from Hyclone, USA. Dimethyl
sulfoxide, MTT powder was purchased from Gibco;
rabbit anti-mouse PI3K / Akt and phosphorylated
antibody, and HRP-labeled 1gG was from Cell
Signaling Company, USA. Caspase 3 active kit was
from Shanghai Biyuntian Biotechnology Co., Ltd.
miR-210 mimics and miR-210 inhibitor were
designed and synthesized by Shanghai Gene Co.,
Ltd. The CO2 cell incubator was purchased from
Thermo Corporation, USA.

Cell culture and grouping

HTR-8/SVneo cell lines were stored in liquid
nitrogen, subcultured after resuscitation, and 3-8
passage logarithmic growth phase cells were
selected for testing. Cells were cultured in 90% high
glucose (25 mmol / L) complete medium with 10%
fetal bovine serum (FBS) and separated into control
group (NC group) (normal cells culture); miR-210
mimics group and miR-210 inhibitor group.

Cell transfection

The miR-210 mimics sequence was 5'-
GUUGCAGAUCUAGGGUCA-3 Y 5'-
GGAGUGUACACUUUA-3'. The miR-210 inhibitor
sequence was 5'-GGAGUGUACUCUAGGGUCA-3 '
5'-AGCUGUUGUACUUUA-3'. In a 6-well plate, when
cell density reached a confluence of 70-80%, miR-
210 mimics or miR-210 inhibitor liposomes were
added to 200 pl of serum-free DMEM medium and
mixed thoroughly. The mixed lipo2000 was mixed
with the corresponding dilutions. Remove the
serum from the cells, rinse gently with PBS, add
1.6ml serum-free medium, add each system,
culture for 6h, replace the serum DMEM culture
medium, and continue to culture for 48h for
experimental research.

Real-time PCR

RNA was isolated and DNA reverse transcription
synthesis was performed according to the kit
instructions. The primers were synthesized by
Shanghai Yingjun Biotechnology Co., Ltd. (Table 1).
Real-time PCR reaction conditions: 55 °C 1 min,
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92 °C30S, 58-60 °C 45 S, and 72 °C 35 S for 35
cycles. Data were collected using the PCR reactor
software and GAPDH was used as a reference. Gene
expression was analyzing using 2-ACt method.

MTT assay

After 24 hours of culture, 20 pl sterile MTT was
added to the wells with 3 replicates at each time
point for 4 hours followed by addition of 150 ul /
well of DMSO for 10 min until the full dissolvent of
purple crystals to detect the absorbance (A) value.
Then, the proliferation rate of each group was
calculated.

ELISA

TNF-a and IL-6 secretion in the supernatant of
each group was assessed by ELISA in accordance
with the kit instructions.

Caspase 3 activity test

The changes in Caspase3 activity in each group
of cells were examined according to the kit
instructions. Trypsin digested cells were centrifuged
at 600g at 4 °C for 5min and cell lysate was lysed
followed by addition of 2 mM Ac-DEVD-pNA to
measure OD value change at 405nm to calculate
Caspase3 activity changes.

Western blot

Extract HTRS8 cell proteins from each group: add
lysate, quantify the protein by Bradford method and
store at -20 °C for Western blot experiments
followed by separation on 10% SDS-PAGE gel
separation and transferring protein to NC
membrane which was then incubated with primary
antibody diluted PI3K / Akt signal pathway
monoclonal antibody at 4 °C overnight followed by
incubation with 1: 2000 diluted sheep anti-rabbit
secondary antibody and subsequent washing with
PBST and development of color with
chemiluminescence agent for 1 min.

Statistical processing

SPSS 16.0 software was utilized for analyzing
data which were displayed as mean % standard
deviation (SD) and assessed by one-way ANOVA. P
<0.05 indicates a difference.

Results
miR-210 level in the villi of URSA patients

miR-210 in villous tissue of URSA patients was
significantly downregulated (P <0.05) (Figure 1).

Regulation of miR-210 expression
Transfection of miR-210 mimics significantly up-
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regulated its expression (P <0.05) which was
significantly downregulated after miR-210 inhibitor
transfection (P <0.05) (Figure 2).

miR-210’s effect on cell proliferation

miR-210 mimics up-regulated its expression and
significantly promoted cell proliferation (P <0.05)
which was significantly inhibited by miR-210
inhibitor (P <0.05) (Figure 3).

miR-210’s effect on Caspase 3 activity

Transfection of miR-210 mimics can up-regulate
its expression and significantly inhibit Caspase 3
activity (P <0.05). miR-210 inhibitor down-regulated
its expression and promoted Caspase 3 activity (P
<0.05) (Figure 4).

miR-210’s effect on cell apoptosis genes
expression

Transfection of miR-210 mimics up-regulated its
expression, and significantly downregulated Bax
and upregulated Bcl-2 (P <0.05). Transfection of
miR-210 inhibitor down-regulated its expression,
significantly upregulated Bax and downregulated
Bcl-2 (P <0.05) (Figure 5).

miR-210’s effect on the secretion of inflammatory
factors

miR-210 mimics up-regulated its expression and
significantly decreased TNF-a and IL-6 (P <0.05).
miR-210 inhibitor down-regulated its expression
and significantly increased secretion of TNF-a and
IL-6 (P <0.05) (Figure 6).

Regulation of miR-210 on PI3K / Akt signaling
pathway

Transfection of miR-210 mimics up-regulated its
expression and significantly activated PI3K/Akt
phosphorylation (P <0.05). The miR-210 inhibitor
group down-regulated miR-210 expression and
inhibited PI3K/Akt activation (P <0.05) (Figure 7).

Discussion

In recent years, the incidence of recurrent
miscarriage caused by various causes has increased
year by year. The problem of early pregnancy tissue
loss caused by maternal and embryonic causes has
gradually been effectively resolved, but the cause of
recurrent miscarriage in nearly half of the patients
is still unknown. At which time a certain drug should
be used to interfere with the occurrence of
recurrent abortion or evaluate the therapeutic
effect of a certain drug have become important
tasks. The mechanism of URSA is complex and is
related to trophoblasts proliferation and apoptosis
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[19]. Trophoblast proliferation and villous
angiogenesis play a vital role in normal pregnancy
[20]. Studies have shown that during the early
stages of pregnancy, the embryo is in a hypoxic
environment, and that excessive apoptosis and
insufficient angiogenesis in the villous tissue are
closely related to the occurrence of URSA [21].

As highly conserved short RNAs, miRNAs are
widely present in organisms and closely related to
cell proliferation, apoptosis, tissue and organ
development, etc., and involve in the
pathophysiology of various diseases [22]. miR-210
is involved in multiple biological processes [23]. The
research of cell functions such as invasion,
differentiation, proliferation, and programmed
apoptosis of trophoblasts is a hot spot in molecular
cell research of URSA [24]. This study confirmed
that compared to normal placental villous tissue,
miR-210 expression was reduced in placental villous
tissue in patients with URSA, implying that miR-210
involves in URSA, and may be related to hypoxia in
the placenta of early pregnancy. Decreased miR-
210 expression leads to insufficient angiogenesis of
the placenta and causes nutritional supply failure
[25].

Further analysis of in vitro cultured placental
trophoblast cells confirmed that miR-210 inhibitor
transfection significantly downregulates miR-210,
inhibits  trophoblast  proliferation, promotes
apoptosis and the production of inflammatory
factors; whereas, miR-210 mimics elevate miR-210
level in trophoblast cells, increase the proliferation
of  trophoblasts, inhibit  apoptosis  and
inflammation. The results suggest that miR-210
regulates trophoblasts proliferation and apoptosis.
The PI3K/Akt signaling participates in the process of
trophoblast invasion into the endometrium. It can
be regulated by many factors and regulates various
cell functions, such as cell growth and apoptosis,
proliferation [26, 27]. Our study confirms that miR-
210 downregulation in trophoblasts can inhibit the
activation of the PI3K/Akt signaling pathway, thus
inhibiting trophoblasts proliferation, promoting
apoptosis, and inhibiting invasion process [28],
which leads to insufficient invasion of trophoblasts
into the endometrium, affecting insufficient
placental function and causing miscarriage, while
promoting the expression of miR-210 can activate
PI3K/Akt  signaling, promote  trophoblasts
proliferation and invasion and inhibit apoptosis,
leading to amelioration of URSA. However, the exact
mechanism by how miR-210 regulates PI3K/AKT
signaling in trophoblasts is not investigated in our
study, which is the main study limitation. We plan
to investigate this in the future.
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Conclusion

MiR-210 expression is reduced in relapsed
abortion of unknown cause. Targeting miR-210
expression in trophoblasts can affect cell
proliferation by PI3K/Akt signaling, inhibit the
secretion of inflammatory factors, and thus regulate
the occurrence of recurrent abortions of unknown
origin, suggesting that miR-210 might be involved in
the pathogenesis of URSA and may be a novel
therapeutic target for the treatment of URSA.
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Figure 1. MiR-210 expression in the villi of URSA patients. Compared with the control group, * P <0.05.
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Figure 2. Regulation of miR-210 expression in HTR-8 / SVneo cells. Compared with NC group, * P <0.05.
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Figure 3. Effect of regulating miR-210 on the proliferation of trophoblast cells HTR-8 / SVneo cells. Compared
with NC group, * P <0.05.
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Figure 4. Effect of regulation of miR-210 on the activity of Caspase 3 in trophoblast cells HTR-8 / SVneo cells.
Compared with NC group, * P <0.05.
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Figure 5. Effect of regulating miR-210 on apoptotlc genes of trophoblast cells HTR-8 / SVneo cells. Compared
with NC group, * P <0.05.
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Figure 6. Effect of regulating miR-210 on the secretion of inflammatory factors in trophoblast cells HTR-8 /
SVneo cells. Compared with NC group, * P <0.05.
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Figure 7. Effect of regulating miR-210 on the PI3K / Akt signaling pathway in trophoblast cells HTR-8 / SVneo
cells. A Western blot analysis of the effects of miR-210 on the PI3K / Akt signaling pathway of trophoblast

HTR-8 / SVneo cells; B regulation of the effect of miR-210 on the PI3K / Akt signaling pathway of trophoblast

HTR-8 / SVneo cells Statistical analysis, compared with NC group, * P <0.05.
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