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Abnormal expression of microRNA-575 leads to missed
abortion through regulating apoptosis and angiogenesis
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Abstract. Numerous microRNA (miR) are important for
placental development and function. miR-575 has been demon-
strated to be upregulated in maternal placenta in patients who
have experienced a miscarriage. The present study aimed
to explore the role of abnormal expression of miR-575 in
missed abortion (MA) and to further analyze the potential
molecular mechanisms. Embryo villus tissue samples were
extracted from 10 childless women with MA and 10 fertile
women without a history of MA. Additionally, human chorio-
carcinoma cells, JEG-3, were used in the present study, which
were transfected with miR-575 mimic, inhibitor and scramble.
The expression of miR-575 in embryo villus tissues and in
JEG-3 cells was detected by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). Apoptosis in villus
tissues of patients with MA and in JEG-3 cells of miR-575
mimic, inhibitor and scramble groups were detected by
flow cytometry. Furthermore, the expression levels of apop-
tosis-related proteins, including B-cell lymphoma 2 (Bcl-2),
Bcl-2-associated X protein (Bax) and phosphorylated (p)-p53,
and angiogenesis-related proteins, including vascular endothe-
lial growth factor (VEGF) and angiopoietin 2 (Ang-2), were
measured by RT-qPCR and western blotting. Additionally, the
target of miR-575 was predicted and clarified by luciferase
reporter assay. miR-575 was significantly overexpressed in
MA villus tissue compared with normal tissue (P<0.05). The
percentage of apoptotic cells in MA embryo villus tissue was
significantly higher than that in normal tissue (P<0.05). After
JEG-3 cells were transfected with miR-575 inhibitor, the
expression of miR-575 and the percentage of apoptotic cells
decreased significantly compared with the control (P<0.05).
MiR-575 suppression significantly increased the expression of
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Bcl-2 (P<0.05), and decreased the expressions of Bax (P<0.05)
and p-p53 (P<0.01) compared with the control. Furthermore,
miR-575 suppression significantly increased the expressions
of angiogenesis-related proteins, Ang-2 and VEGF (P<0.01).
Superoxide dismutase 2 was identified as the target of miR-575.
Therefore, abnormal expression of miR-575 may lead to MA
through regulating apoptosis and angiogenesis. Inhibition of
miR-575 may inhibit apoptosis and promote angiogenesis in
MA.

Introduction

Missed abortion (MA) is a common obstetrical and gyneco-
logical disease and is a complication of early pregnancy, which
is characterized by the arrest of embryonic or fetal develop-
ment (1). The prevalence of MA is ~2% in singleton pregnancies
and ~90% of MA cases occur in the first trimester (2). In China,
MA is a widespread and serious clinical occurrence that not
only damages the woman's health, but also has a great influ-
ence on population quality (3). Currently, the etiology of MA
is not fully understood. An increasing number of researchers
are focusing on the underlying pathogenesis of this disorder.

Several causes, such as chromosomal anomalies, uterine
abnormalities, hormonal problems and autoimmune disorders,
have been demonstrated to be associated with the occurrence
of MA (4); however, no one cause is identified in certain cases.
It has been reported that normal pregnancy has a certain degree
of trophoblast apoptosis, which is conducive to the forma-
tion and development of villi and chorionic villi branch (5).
However, excessive apoptosis of trophoblasts may result in
villi dysplasia or degeneration of cytotrophoblast cells, or
even pregnancy failure and MA (6-8). Additionally, a study
by Chen et al (9) reported that sufficient angiogenesis in villi
has an important role in the maintenance of early pregnancy.
Therefore, apoptosis and angiogenesis may be associated with
the occurrence of MA.

A study by Nelissen ef al (10) revealed that epigenetic regu-
lation governing the control of gene expression is an important
factor of placental development and function. Genome-wide
analysis has demonstrated that there are >600 microRNA
(miR) expressed in human placenta (11). Notably, a study by
Hosseini (12) investigated the differentially expressed miR in
maternal plasma and placenta in patients that had experienced
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a miscarriage and observed that the expression level of
miR-575 was upregulated in these patients. However, the role
of miR-575 in MA has not been investigated.

The present study investigated the relative expression level
of miR-575 in embryo villus tissues in patients with MA. In
addition, the effects of miR-575 on the apoptosis and angio-
genesis of villus cells were assessed. The present study aimed
to explore the role of miR-575 in MA and to further analyze
the potential molecular mechanisms.

Materials and methods

Patients. A total of 10 childless women aged 25-30 years with
MA at ~6 gestational weeks at Southern Medical University
(Guangzhou, China) between June 2013 and December 2015
were included in the present study. An additional 10 fertile
women aged between 25-30 years with =1 child and no history
of MA were used as controls. Embryo villus tissue samples
of the 20 cases were extracted, as previously described (13).
Samples were snap frozen in liquid nitrogen and stored at -80°C
until use. The present study was approved by the local Ethics
Committee at the hospital of Southern Medical University and
all patients provided written informed consent.

Cell line and cell transfection. Human choriocarcinoma
cell line, JEG-3, was used in the present study, which was
purchased from American Type Culture Collection (Manassas,
VA, USA). The cell line was cultured in Dulbecco's modi-
fied Eagle medium (DMEM)/F12 (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and
100 U/ml penicillin (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) in an atmosphere of 5% CO, at 37°C.

For cell transfection, miR-575 mimic, inhibitor and
scramble, and the pc-SOD2 (pcDNA 3.1 vector with SOD2
coding sequence) were purchased from Sangon Biotech Co.,
Ltd., (Shanghai, China). Vectors were transfected into JEG-3
cells using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's instructions.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA from tissues (MA tissues and
control tissues) or the cultured cells (JEG-3 cells transfected
with or without vectors) was isolated using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. The concentration and purity of the
isolated DNA was determined using an SMA 400 UV-VIS
spectrophotometer (Merinton, Ltd., Shanghai, China). Purified
RNA (0.5 pg/ul) was mixed with nuclease-free water for the
cDNA synthesis using Script cDNA Synthesis kit (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Targets (mRNA and
miR) were synthesized using the SYBR ExScriptqRT-PCR kit
(Takara Biotechnology Co., Ltd., Dalian, China). Primers used
for target amplification are demonstrated in Table I. U6 and
GAPDH were used as internal controls. The reaction system
was in a final volume of 20 ul, which contained the following:
1 ul cDNA, 10 ul SYBR Premix EX Tagq, 1 ul forward primer
(10 uM), 1 pl reverse primer (10 xpM) and 7 ul ddH,O. The
amplification system was as follows: Denatureation at 95°C for
5 min, followed by 40 cycles at 95°C for 30 sec, annealing at

Table I. Primers used for target amplification.

Melting temperature, °C

Amplicon size, bp

Reverse primer

Forward primer

Target name

54
58

157
484
308
505

5'-AGGCACCCAGGGTGATGCAA-3'

5-GTGGAGGAGCTCTTCAGGGA-3'

Bcl-2
Bax

5'-GCCACGTGGGCGTCCCAAAGT-3'

5'-GGCCCACCAGCTCTGAGCAGA-3'

56
55
75

65

5'-GCAGCGCCTCACAACCTCCGTCAT-3'

5'-CCCCTCCTGGCCCCTGTCATCTTC-3'

p-pS3

5'-GAAGCTCATCTCTCCTATGTGCTGGC-3'

5-TTGTGACAGCAGCGTCTGTA-3'

5'-CCTGGTGGACATCTTCCAGGAGTACC-3'
5'-GTCCACCTGAGGAACTGTCT-3'
5-CTCGCTTCGGCAGCACA-3'

VEGF

106

Ang-2
U6

92
202

5-AACGCTTCACGAATTTGCGT-3'

65

5-GAGTCCTTCCACGATACCAA-3'

5-GGGAGCCAAAAGGGTCAT-3'

GAPDH

Bcl-2, B-cell lymphoma 2; Bax, Bel-2-associated X protein; p-p53, phosphorylated-p53; VEGF, vascular endothelial growth factor; Ang-2, angiopoietin 2.
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Figure 1. Expression level of miR-575 in (A) placental villus tissue and (B) transfected JEG-3 cells determined by reverse transcription-quantitative polymerase
chain reaction. U6 served as the internal control. Experiments were repeated three times. Data are expressed as the mean + standard deviation. (A) "P<0.05 vs.
normal tissue; (B)'P<0.05 and “P<0.01 vs. control. miR, microRNA; MA, missed abortion.

54°C for 30 sec and extension at 72°C for 1 min and a final
extension at 72°C for 10 min. The mRNA/miR expression
levels were detected by SYBR Green-based qPCR (SYBR
Green Master mix; Thermo Fisher Scientific, Inc.). Three
repeats were performed. The 2244 method (14) was used to
calculate the relative expression levels of mRNA and miR.

Cell apoptosis assay. Cell apoptosis was assayed by flow
cytometry using an annexin V-fluorescein isothiocyanate
(FITC) cell apoptosis kit (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Briefly, after
transfection for 48 h, cells were cultured with fresh serum-free
DMEM/F12 medium at 37°C for 12 h. Subsequently, cells
were harvested and washed three times (5 min/wash) with
phosphate-buffered saline (pH 7.4), and then resuspended in
staining buffer. Following this, cells were mixed with 5 ul
annexin-V-FITC and 5 yl propidium iodide (PI). After 10 min,
the mixtures were analyzed using a FACScan flow cytometer
(BD Biosciences, San Jose, CA, USA) and in-built software.
Annexin V-positive and PI-negative cells were regarded as
apoptotic cells.

Western blot analysis. Cells were lysed with radioimmu-
noprecipitation assay buffer (Sangon Biotech Co., Ltd.).
Subsequently, 50 ug protein sample was separated by 10%
SDS-PAGE and blotted onto polyvinylidene difluoride
membranes. Following incubation with primary antibodies
specific for angiopoietin 2 (Ang-2; ab99971), vascular endo-
thelial growth factor (VEGF; ab32152), B-cell lymphoma
2 (Bcl-2; ab32124), Bcl-2-associated X protein (Bax; ab32503),
phosphorylated-p53 (p-p53; ab1101) and superoxide dismutase
2 (SOD2; ab13534) (all 1:1,000 dilution) at 4°C overnight, the
membranes were incubated with the appropriate horseradish
peroxidase-conjugated secondary antibodies (1:1,000 dilu-
tion, catalog no. ab6721) at room temperature for 0.5-1 h. All
antibodies were purchased from Abcam (Cambridge, MA,
USA). The immunoreactive protein bands were visualized by

enhanced chemiluminescence (Amersham; GE Healthcare,
Chicago, IL, USA). GAPDH served as the internal control.

Target gene prediction. Bioinformatic analysis was performed
to predict the target gene of miR-575, using TargetScanHuman
v7.1 software (www.targetscan.org/vert_71).

Luciferase reporter analysis. Vectors of SOD2-3'-untranslated
region (UTR), miR-575 inhibitor and scramble were synthesis
by Sangon Biotech Co., Ltd. The dual-luciferase reporter
plasmids, SOD2-WT (containing the wild-type SOD2 puta-
tive 3'-UTR-binding site) and SOD2-Mut (containing the
mutant SOD2 3'-UTR) were constructed. Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to trans-
fect plasmids into cells. Luciferase activities were measured
using the dual-luciferase reporter assay system (Promega
Corp., Madison, WI, USA) after 48 h of cell transfection. The
relative reporter activity was normalized to Renilla luciferase
activity.

Statistical analysis. In the present study, all experiments were
conducted three times, independently. The data were expressed
as the mean + standard deviation. Statistical analysis was
performed using SPSS v. 19.0 software (IBM Corp., Armonk,
NY, USA). All collected data were tested for the normal
distribution using one-sample Kolmogorov-Smirnov test.
Differences between groups were evaluated using one-way
analysis of variance with Tukey's post hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of miR-575 in villus tissue and cells. To investigate
the miR-575 expression in villus tissue and cells, RT-qPCR
analysis was performed. Results demonstrated that the expres-
sion of miR-575 was significantly upregulated in MA placental
villus tissues compared with normal tissues (P<0.05; Fig. 1A).
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Figure 2. (A) Percentage of apoptotic cells in placental villus tissue assayed by flow cytometry. (B) Fluorescent staining results for apoptotic cells obtained from
flow cytometry at magnification, x400. Apoptotic cells were analyzed with Annexin V-FITC. (C and D) The percentage of apoptotic JEG-3 cells following
miR-575 inhibition or overexpression assayed by flow cytometry. Experiments were repeated three times. Data are expressed as the mean + standard deviation.
“P<0.05 vs. normal tissue; "P<0.05 vs. control. PE-A, pseudomonas exotoxin A; FITC, fluorescein isothiocyanate; miR, microRNA; MA, missed abortion.

Furthermore, after JEG-3 cells were transfected with miR-575
inhibitor, the expression of miR-575 decreased significantly
compared with the control and miR-575 scramble groups
(P<0.05). No significance difference in miR-575 expression was
observed between the control and miR-575 scramble transfected
groups. Contrastingly, after the JEG-3 cells were transfected
with miR-575 mimic, the expression of miR-575 significantly
increased compared with the control group (P<0.01; Fig. 1B).

Effect of miR-575 on cell apoptosis. Excessive cell apoptosis
may result in pregnancy failure and MA (8). To characterize
the biological significance of miR-575 in MA development,
cell apoptosis assays were performed using flow cytometry.
As demonstrated in Fig. 2A and B, the percentage of apoptotic
cells in MA villus tissue was significantly higher than that in
normal tissue (P<0.05). Transfection experiments also indi-
cated that overexpression of miR-575 significantly promoted
the apoptosis of JEG-3 cells compared with the control group
(P<0.01; Fig. 2C and D). No significant difference in cell apop-
tosis was observed between the control and miR-575 scramble
transfected groups. When JEG-3 cells were transfected with
miR-575 inhibitor, the percentage of apoptotic cells decreased
significantly compared with the other three groups (P<0.05).

Effect of miR-575 on cell apoptosis-related protein expres-
sion. To further explore the underlying molecular mechanisms
of miR-575 on cell apoptosis, the expression levels of

apoptosis-related proteins, Bcl-2, Bax and p-p53, were measured
using RT-qPCR and western blot analyses. Results demon-
strated that overexpression of miR-575 significantly decreased
the mRNA expression level (P<0.05) and the protein expression
level of Bcl-2 compared with that in the control group. Also,
overexpression of miR-575 significantly increased the expression
levels of Bax and p-p53 compared with that in the control group
(P<0.05 and P<0.01, respectively). No significant difference
in expression was observed between the control and miR-575
scramble transfected groups. However, miR-575 suppression
significantly increased the expression level of Bcl-2 (P<0.05),
and decreased the expression levels of Bax and p-p53 compared
with the other three groups (P<0.05 and P<0.01, respectively;
Fig. 3A and B).

Effect of miR-575 on angiogenesis-related protein expression.
It has been reported that sufficient angiogenesis has an impor-
tant role in the maintenance of early pregnancy (9). Therefore,
the role of miR-575 in angiogenesis was investigated by
detecting the expression levels of angiogenesis-related proteins,
Ang-2 and VEGF, using RT-qPCR and western blot analyses.
As demonstrated in Fig. 4A and B, miR-575 overexpression
significantly decreased the mRNA expression levels (P<0.05)
and markedly decreased the protein expression levels of both
Ang-2 and VEGF compared with the control group. However,
after JEG-3 cells were transfected with miR-575 inhibitor,
the expression levels of both Ang-2 and VEGF increased
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Figure 3. Expression levels of apoptosis-related proteins, Bcl-2, Bax and
p-p53, following miR-575 inhibition or overexpression assayed by (A) reverse
transcription-quantitative polymerase chain reaction and (B) western blot
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Figure 4. Expression levels of angiogenesis-related proteins, VEGF and
Ang-2, following miR-575 inhibition or overexpression assayed by (A)
reverse transcription-quantitative polymerase chain reaction and (B) western
blot analysis. GAPDH served as the internal control. Experiments were
repeated three times. Data are expressed as the mean + standard deviation.
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endothelial growth factor; Ang-2, angiopoietin 2; miR, microRNA.
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Figure 5. The expression of SOD2 in placental villus tissue assayed by (A)
reverse transcription-quantitative polymerase chain reaction and (B) western
blot analysis. GAPDH served as the internal control. Experiments were
repeated three times. Data are expressed as the mean + standard deviation.
“P<0.01 vs. normal tissue. SOD2, superoxide dismutase 2; MA, missed
abortion.

significantly compared with the miR-575 scramble and mimic
groups (P<0.01).

SOD?2 is a direct target for miR-575 and miR-575 regulates
MA by targeting SOD2. Research has demonstrated that SOD
is downregulated in trophoblasts from women with MA (15).
In the present study, the expression of SOD2 in villus tissue
of MA patients was investigated by RT-qPCR and western
blot analyses. As demonstrated in Fig. SA and B, SOD2 was
significantly downregulated in villus tissue from patients with
MA compared with normal tissues (P<0.01).

According to TargetScanHuman software (targetscan.
org), SOD2 was predicted to be the target gene of miR-575
(Fig. 6A). Luciferase reporter analysis demonstrated that the
relative luciferase activity of the reporter that contained SOD2
wild type 3'-UTR reduced significantly in miR-575-inhibitor-
transfected cells compared with the miR-control transfected
cells containing the SOD2 wild type 3'UTR (P<0.01; Fig. 6B).
Additionally, the relative expression of SOD2 decreased
significantly when miR-575 was overexpressed and increased
significantly when miR-575 was silenced compared with the
control group (P<0.01; Fig. 6C). These results indicated that
miR-575 may directly regulate the SOD2 gene. Furthermore,
after pc-SOD2 was transfected into cells, it was demonstrated
that SOD2 expression was significantly increased compared
with the control group (P<0.01; Fig. 7A). Notably, further
investigation indicated that overexpressed SOD2 was able to
significantly reverse the inhibiting effect of miR-575 inhibitor
on apoptosis (P<0.01; Fig. 7B) and expression of angiogenesis
factors, Ang-2 and VEGF (Fig. 7C). These results suggested
that miR-575 may regulate apoptosis and angiogenesis by
targeting the SOD2 gene.

Discussion

The present study demonstrated that miR-575 was signifi-
cantly overexpressed in MA embryo villus tissue compared
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with normal tissues. The percentage of apoptotic cells in
MA embryo villus tissues was significantly higher than that
in normal tissues. Transfection experiments revealed that
miR-575 overexpression was able to promote the apoptosis
of JEG-3 cells and decreased the expression of angiogen-
esis-related proteins. After JEG-3 cells were transfected with
miR-575 inhibitor, the percentage of apoptotic cells decreased
significantly, and the expression of angiogenesis-related
proteins, Ang-2 and VEGF, significantly increased. To the best
of our knowledge, the present study is the first to investigate
the role of miR-575 in MA.

Various studies have suggested that the level of apoptosis is
critically important for the successful development of normal
pregnancy (7-17). A low level of apoptosis in placental villi
tissues is a normal physiological phenomenon (8); however, a
high level of apoptosis may result in miscarriage (18,19). In
the present study, miR-575 was overexpressed in MA embryo
villus tissue, suggesting the possible role of miR-575 in
promoting the development of MA. Notably, miR-575 over-
expression promoted the apoptosis of JEG-3 cells, suggesting
that miR-575 overexpression may have an important role in the
cell apoptosis in MA.

Previous research has reported that a series of genes
coordinately regulate apoptosis and proliferation during
pregnancy (20). For example, p53, a key regulator of apoptosis
and the cell cycle, has been demonstrated to be overexpressed
in the chorionic villi of females with spontaneous abortions
or MA (21,22). In the present study, p-pS3 was upregulated
in the miR-575 mimic group. However, when JEG-3 cells
were transfected with miR-575 inhibitor, the expression of
p-p53 decreased significantly, indicating that miR-575 may
have an important role in MA by regulating the apoptosis of
villi cells.

In addition to p53, Bax, one of the pro-apoptotic members
of the Bcl-2 family demonstrated reduced expression in the
miR-575 inhibitor group. Contrastingly, the expression of
anti-apoptotic Bcl-2 increased significantly following miR-575
inhibition. Notably, previous research has revealed that the
abnormal expression of Bcl-2 and Bax in placental villi tissues
is associated with recurrent abortion (23). These results further
indicated the role miR-575 in the apoptosis of villi cells.

A successful pregnancy not only depends on apoptosis,
but also depends on sufficient villous angiogenesis, which
is able to supply adequate oxygen and nutrients (24,25).
Abnormal angiogenesis is considered as an important
contributor to MA (26). VEGF is believed to be a powerful
angiogenesis promoter, which has a critical role in the devel-
opment and maintenance of the vasculature (27). A study by
Col-Madendag et al (28) revealed that decreased expression of
VEGF in placental villi and decidua may be associated with
early abortion. Additionally, the angiopoietin family is another
important angiogenic protein family, which has been demon-
strated to be critically involved in angiogenesis, particularly in
the female reproductive tract (29-31). Ang-2, a member of the
angiopoietin family, may be expressed in the early placenta
in normal and pathological pregnancy (32,33). High levels
of Ang-2 may confer protection to the placenta (34). The
present study demonstrated that overexpression of miR-575
significantly decreased the expression of VEGF and Ang-2.
After miR-575 was inhibited, the expression levels of VEGF
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and Ang-2 increased again, indicating the regulatory role of
miR-575 in angiogenesis in MA.

It has been reported that oxidative stress is associated with
MA (35). SOD is an important antioxidant that catalyzes the
dismutation of superoxide into hydrogen peroxide and oxygen
molecules, thereby scavenging free radicals and preventing
oxygen toxicity (36). Notably, alterations to SOD concentra-
tion have been closely related to spontaneous abortion (36). A
study by Zhu er al (15) indicated that SOD was downregu-
lated in trophoblasts from women with MA. In the present
study, SOD2 was suggested to be a target gene of miR-575,
and was downregulated in MA tissue. Further investigation
demonstrated that overexpression of SOD2 was able to reverse
the inhibiting effects of miR-575 inhibitor on apoptosis and
expression of angiogenesis factors. These results suggested
that miR-575 may regulate apoptosis and angiogenesis by
targeting the SOD2 gene.

In conclusion, the results of the present study suggest
distinct roles of miR-575 in apoptosis and angiogenesis in villi
tissue and cells. Inhibition of miR-575 may inhibit apoptosis
and promote angiogenesis to prevent MA. Therefore, miR-575
may serve as a biomarker of MA, as well as a potential
molecular target for the treatment of MA.
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