
Inhibition of microRNA-149 protects against recurrent
miscarriage through upregulating RUNX2 and activation
of the PTEN/Akt signaling pathway

Peng Wang1, Xu Chen2, Ying Chang1, Yanping Wang2, Xinran Xu2, Yuling Guo2

and Hongyan Cui1

1Department of Obstetrics, Tianjin Central Hospital of Obstetrics and Gynecology, Tianjin Key Laboratory of Human
Development and Reproductive Regulation, Tianjin, PR China
2Department of Obstetrics, Tianjin Central Hospital of Obstetrics and Gynecology, Tianjin, PR China

Abstract

Aim: Recently, microRNA-149 (miR-149) has been indicated to act as an oncogene or a tumor suppressor in
various malignant tumors, while its inner mechanisms in recurrent miscarriage (RM) are still in infancy.
Therein, this study intends to decode the mechanism of miR-149 in RM.
Methods: miR-149 and RUNX2 expression in the chorionic tissues of normal pregnant women and RM
patients were first examined, and the correlation between miR-149 and RUNX2 was analyzed. Subsequently,
miR-149 was upregulated in HTR-8 cells or downregulated in BEWO cells, and then the changes in biologi-
cal functions of trophoblasts in RM were detected. Furthermore, the expression of PTEN/Akt signaling
pathway-related factors in trophoblasts was detected by western blot analysis.
Results: miR-149 expression was increased while RUNX2 expression was suppressed in RM patients, and
miR-149 was negatively correlated with RUNX2. Overexpressed miR-149 induced cell apoptosis and
inhibited cell activity, while reduced miR-149 in trophoblasts contributed to opposite experimental results.
Moreover, miR-149 promoted the expression of PTEN and inhibited Akt phosphorylation by targeting
RUNX2, thereby inhibiting trophoblast activity and promoting their apoptosis.
Conclusion: Our study demonstrates that miR-149 knockdown halted the RM development through
upregulating RUNX2 and activation of the PTEN/Akt signaling pathway.
Key words: cell activity, microRNA-149, PTEN/Akt signaling pathway, recurrent miscarriage, RUNX2.

Introduction

Recurrent miscarriage (RM) is defined as the sponta-
neous loss of no less than three consecutive pregnan-
cies in the first trimester. RM usually influences 1–2%
of women, but half of the cases have no identifiable
reason.1 RM can be regarded as a primary or second-
ary process based upon if a live birth has happened at

some time.2 Established risk factors for RM are multi-
factorial, such as successive previous pregnancy
losses, structural uterine anomalies, parental chromo-
somal anomalies, as well as maternal thrombophilia
disorders.3 Treatment strategies like Aspirin and low
molecular weight heparin are considered the standard
medications in RM, but their benefit on live birth rate
has only been proved in a few placebo-controlled
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trials. New treatment options, such as drugs like
tumor necrosis factor inhibitors and granulocyte
colony-stimulating factor, have been evidenced to be
beneficial for RM therapy.4 Given the severity and
complex mechanism of RM, the need to unearth novel
therapy is in urgency.
MicroRNAs (miRNAs) are post-transcriptional

modulators that are able to bind specifically to the 30-
untranslated region (30-UTR) of target mRNAs,
resulting in translational inhibition.5 Lately, miRNAs
have been established to function in numerous
aspects of tumor development, tumorigenesis and
metastasis.6 In addition, many candidate miRNAs
have been detected to be promising biomarkers for
some kinds of specific pregnancy disorders.7 For
instance, five miRNAs (hsa-miR-517c, hsa-miR-519a-1,
hsa-miR-522, hsa-miR-520h and hsa-miR-184) were
found to be overexpressed in the decidua of patients
suffered from recurrent spontaneous abortion.8

miR-133a has also been implicated to be related to
recurrent spontaneous abortion.9 Has-miR-149 is posi-
tioned on chromosome 2, and it is a vital miRNA
implicated in human malignancies.10 Intriguingly,
miR-149 could act as an oncogene or a tumor sup-
pressor, which is dysregulated in various malignant
tumors.11 A prior sequencing study has revealed that
many differentially expressed miRNAs are related to
preeclampsia development, and miR-149 is elevated
during preeclampsia.12 Runx transcription factors are
demonstrated to be evolutionarily-conserved modula-
tors of cell fate, among which there are three family
members in mammals (RUNX1-3).13 RUNX2 has been
identified to be expressed in the human placenta,
especially in villous cytotrophoblast and extravillous
trophoblast cell populations.14 In combination, the
integrated functions of miR-149 and RUNX2 in RM is
still in ambiguity. Moreover, trophoblast invasion has
been found to be closely related to pathologies during
pregnancy such as preeclampsia, RM, stillbirth and
spontaneous abortion.15 Thereafter, this study is initi-
ated to uncover their underlying mechanism in RM
using a cell model with trophoblasts.

Methods
Ethical approval

This study was carried out with the approval and
supervision of the ethics committee of Tianjin Central
Hospital of Obstetrics and Gynecology, and the
informed consents were obtained from all patients.

Antibodies, reagents and plasmids

The antibodies used for western blot analysis: RUNX2
(#12556, CST, Danvers, MA), Akt1 (ab235958, Abcam,
Cambridge, UK), Akt1 phospho S473 (ab194201,
Abcam), PTEN (#9188, CST), GAPDH (ab181602,
Abcam), horseradish peroxidase (HRP)-labeled IgG
(ab6721, Abcam). The antibodies used for immunoflu-
orescence assay: E-cadherin (#14472, CST), Vimentin
(#5741, CST), Alexa Fluor 488 labeled goat anti-mouse
IgG (ab150077, Abcam). A PTEN signaling pathway-
specific inhibitor SF1670 was purchased from
Abcam (#ab141303). miR-149 mimic/inhibitor and
negative controls were purchased from GenePharma
(Shanghai, China).

Clinical sample collection

This study enrolled 21 RM patients with normal kar-
yotype, 9 RM patients with abnormal karyotype as
well as 13 patients received induced abortion at the
reproductive medicine center of Tianjin Central Hos-
pital of Obstetrics and Gynecology from June 2016 to
December 2017. The following cases were excluded:
(a) Symptoms of endocrine or metabolic diseases,
such as hypothyroidism and diabetes; (b) Abnormal
karyotype analysis; (c) Uterine abnormalities con-
firmed by pelvic examination and ultrasound and
(d) antiphospholipid syndrome. RM was defined as
two or more consecutive miscarriages during the first
20 weeks of pregnancy. Clinical baseline information
for patients is listed in Table 1.

RT-qPCR

Total RNA in trophoblasts and placental chorionic tis-
sues was extracted using a Trizol kit (Invitrogen;
Thermo Fisher Scientific, Waltham, MA), and RNA
concentration was tested by Nanodrop 2000 (Thermo
Fisher Scientific). Takara Taq polymerase (Takara Bio,
Inc., Otsu, Japan) was used for DNA amplification.
Commentary DNA was synthesized using a
PrimeScript RT kit (Takara Biotechnology, Co., Ltd.,
Dalian, China). qPCR was performed with the
application of the SYBR Premix EX Taq Kit
(Takara). The expression of miR-149 was normal-
ized to the endogenous expression of U6, and the
relative expression of mRNAs was normalized to
GAPDH. The relative expression of target genes
was evaluated by the 2−ΔΔCt method. The PCR
primers are listed in Table 2.
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Cell culture

The HTR-8/SVneo trophoblast cell line was obtained
from the China Center for Type Culture Collection
(Beijing, China), and JAR and BEWO cells were avail-
able from the Chinese Academy of Sciences
(Shanghai, China). Next, cells were cultured under
standard conditions in high-glucose DMEM/RPMI-
1640 medium/F-12 K medium (Gibco, Life Technolo-
gies, Gaithersburg, MD) comprising 10% fetal bovine
serum. HTR-8 cells with good growth conditions were
introduced with miR-149 mimic or mimic control.
After 48 h, RT-qPCR was implemented to detect miR-
149 expression in the cells to verify the successful
transfection. Subsequently, HTR-8 cells overexpressing
miR-149 were further treated with SF1670 (2 μM) for
2 h.16,17 BEWO cells with good growth conditions were
introduced with miR-149 inhibitor or inhibitor control.
After 48 h, RT-qPCR was implemented to detect miR-
149 expression in the cells to verify the successful
transfection. Next, siRNA against RUNX2 was further
delivered into miR-149-transfected cells, and RT-qPCR

was utilized to detect RUNX2 expression in the cells
after 48 h to confirm the successful intervention.

CCK-8

Cells were seeded on 96-well plates (2000 cells in each
well). Afterward, the cells were incubated for the time
points of 0, 24, 48 and 72 h, separately, and each well
was appended with 10 μl CCK-8 solution (C0038,
Beyotime, Shanghai, China). After 1-h incubation, the
measurement of the optical density (OD) value was
carried out at 450 nm with the application of a micro-
titer plate reader (Molecular Devices, CA). Finally, the
results were counted as the average of three measure-
ments with the same conditions.

Colony formation assay

Twenty-four hours after transfection, the single-cell
suspension was obtained by trypsinization. Five hun-
dred cells were seeded in six-well plates and subse-
quently, cultured with the complete medium in a 5%
CO2 incubator for 2 w. Cells were fixed with 4% para-
formaldehyde (PFA; Biosharp, Hefei, China) for
20 min, and stained with 1% crystal violet solution
(KeyGen BioTECH, Jiangsu, China) for 15 min. The
number of colony-forming units was calculated in
three random wells.

EdU staining

Cells were seeded at 5 × 104 cells/ml into a 24-well
culture plate. EdU staining was implemented using a
Cell-Light EdU DNA Cell Proliferation Kit (RiboBio,
Guangzhou, Guangdong, China) in the light of the
manufacturer’s protocol. After that, the cells were cul-
tured with EdU (1: 1000) for 8 h, then fixed with PFA
and infiltrated with 0.3% Triton X-100 for 10 min.
Next, 40,6-diamidino-2-phenylindole was used for
5-min nuclei staining, and images were captured
using an Olympus laser scanning microscope system.

Table 1 Clinical characteristics of the study population

Parameters Control (n = 13) RM (n = 21) p Value

Maternal age (y) 26.98 ± 3.14 27.51 ± 3.27 0.63
Body mass index (kg/m2) 21.65 ± 5.94 23.82 ± 6.63 0.34
Gestation age (weeks) 7,62 ± 1,81 7.96 ± 2.15 0.57
Number of miscarriage 0.71 ± 0.24 2.94 ± 0.83 <0.01
Number of live births 1.59 ± 0.37 0.00 ± 0.00 <0.01
Number of pregnancies 2.61 ± 0.52 2.79 ± 0.76 0.46
Exposure to GC 1 (7.69%) 9 (42.86%) <0.01

Abbreviation: GC, glucocorticoid.

Table 2 Primers for RT-qPCR

Targets Prime sequences (50–30)

miR-149 Forward:
CUUCGGAUCAGUGAAUGCUTT

Reverse:
AGCAUUCACUGAUCCGAAGTT

U6 Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT

RUNX2 Forward:
GCGUCUGUGUGAUUUGUAUTT

Reverse:
AUACAAAUCACACAGACGCTT

GAPDH Forward:
GCACCAGGCAGTGTAGTTAGC

Reverse: GTGCAGGGTCCGAGGT

Abbreviations: RT-qPCR, reverse transcription quantitative
polymerase chain reaction; miR-149, microRNA-149; RUNX2,
runt-related transcription factor 2; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase.
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Carboxyfluorescein succinimidyl ester (CFSE)

CFSE is a fluorescent dye that penetrates the cell
membrane and has succinimidyl ester specifically
bound to the cell and fluorescein diacetate with non-
enzymatic hydrolysis, which makes CFSE a good cell
marker. When CFSE exists in the form of two acetic
acid groups and a succinimidyl ester functional
group, it has no fluorescence property, but has cell
membrane permeability and is able to enter cells
freely. And when it spreads into the intracellular envi-
ronment, the endogenous esterase can hydrolyze its
acetic acid group. This form of CFSE molecule has
high fluorescence activities, which can produce green
fluorescence, but no longer has membrane permeabil-
ity. At the same time, the succinimidyl ester group
can react with the free amine group in the cytoskele-
ton protein, and finally, form the protein adduct with
fluorescence. When cells proliferate, the fluorescent
proteins are distributed equally to cells at passage
two, which reduces the fluorescence intensity to half
compared with cells at passage one. The fluorescence
intensity of cells at passage three was weaker than
that of cells at passage two. By detecting the decrease
of cell fluorescence intensity, cell proliferation can be
further analyzed by using a flow cytometer at
488 nm. Therefore, CellTrace CFSE Cell Proliferation
Kits (Invitrogen, Carlsbad, CA) were used for analy-
sis. Seeded at 1.0 × 105 cells/plate in the six-well
plates, cells in each group were harvested after 3-day
incubation. Analysis of cell proliferation was per-
formed with the application of a flow cytometer
(FACSCalibur, BD Biosciences). The calculation of the

proliferation index was realized by Modfit LT (Verity
Software House, Topsham, ME).

Flow cytometry

The transfected cells of each group were trypsinized
at 37�C for 2 min. Apoptosis rates of trophoblast cells
were determined using an Annexin V-FITC Apoptosis
Detection Kit (Abcam) referring to the manufacturer’s
protocol. Prior to counting, cells were stained with
5 μl Annexin V and propidium iodide (PI, BD Biosci-
ence, Franklin Lakes, NJ) for 15 min at 37�C. Flow
cytometer (EPICS XL; Beckman Coulter, Inc., Fuller-
ton, CA) and FCS Express 3.0 software (DeNovo Soft-
ware, Glendale, CA) was then applied to determine
the apoptosis rate of transfected cells.

As for cell cycle distribution, cells were then
suspended in staining solution (P4170, Sigma Aldrich)
to analyze the cell cycle arrest with a flow cytometer
(BD Biosciences).

Hoechst 33258 staining

For Hoechst staining, the treated ARPE-19 cells were
cultured in a six-well plate with 2 ml culture medium
containing Hoechst 33258 blue fluorescent nuclear
dye (Sigma-Aldrich) for 30 min. The nuclear morphol-
ogy was measured by fluorescence microscopy.

Immunofluorescence assay

Cell slides were fixed in 4% PFA overnight and infil-
trated with 0.025% Triton X-100 in PBS. After incuba-
tion with the primary antibody and anti-mouse IgG
(Alexa Fluor 488, Abcam) secondary antibody, the

Figure 1 miR-149 is highly expressed in RM patients. (a) miR-149 expression in placental chorionic tissues of 21 RM
patients and 13 controls detected by RT-qPCR. (b) miR-149 expression in HTR-8, BEWO and JEG3 cells detected by RT-
qPCR. (c) RT-qPCR was utilized to detect miR-149 expression in HTR-8 and BEWO cells. Comparisons between the two
groups were performed using an unpaired t test (panel a). One-way ANOVA was adopted for comparisons among mul-
tiple groups, followed by Tukey’s multiple comparisons test (panel b and c).
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slides were imaged using a laser scanning confocal
microscope Zeiss LSM 510 META. Five fields of view
were randomly selected for photographing.

Transwell assay

To assess cell migration and invasiveness, Transwell
analysis was performed using uncoated Matrigel and
Matrigel-coated Boyden chamber (BD Biosciences),
respectively. Stable cell serum was starved overnight,
harvested and resuspended in a serum-free medium.
Cells (1 × 105) were then plated into the apical cham-
ber, and a 10% FBS-containing medium was

appended to the basolateral chamber. After a 24-h
incubation, the migrated and invaded cells attached
to the subsurface of the membrane were fixed with
formalin, stained with 0.5% crystal violet solution and
counted with a microscope.

Dual-luciferase reporter gene assay

The synthetized 30UTR of RUNX2 cDNA containing miR-
149 binding site and mutation site were cloned into pGL3
vector (Promega, Madison, WI) to generate pGL3-
RUNX2-wild type (Wt) and pGL3-RUNX2-mutant type
(Mut) plasmids, respectively. HEK293T cells were seeded

Figure 2 miR-149 inhibitor promotes the activity of trophoblasts. (a) CCK-8 assay for cellular activity of HTR-8 and
BEWO cells. (b and c) Detection of cell proliferation levels by colony formation assay and EdU staining. (d) Cells were
stained with CFSE and the cells were tested for cell viability by flow cytometry. Two-way (panel a) or one-way ANOVA
(panel b–d) was adopted for comparisons among multiple groups, followed by Tukey’s multiple comparisons test.
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into a 24-well plate at 2 × 105 cells/well and cultured for
24 h. Next, 200 ng pGL3-RUNX2-Wt or pGL3-RUNX2-
Mut plasmid was co-transfected into 293 T cells with miR-
149 mimic or mimic control using Lipofectamine 2000
(Invitrogen). The dual-luciferase reporter gene analysis sys-
tem (Promega) was then used to assess luciferase activity.
Firefly luciferase activity was standardized to renilla lucif-
erase activity.

Western blot assay

To determine protein expression, cells were lysed in a
pre-chilled RIPA lysis buffer (Beyotime) with a
freshly-added proteinase inhibitor mixture (Hoffman-
La Roche Ltd., Basel, Switzerland). Protein concentra-
tion was quantified by a dicaprylic acid assay kit

(Thermo Fisher Scientific). The same amount of pro-
tein was separated by SDS-PAGE and subjected to
western blot analysis18 as previously described. The
polyvinylidene difluoride membrane was incubated
with the primary antibody and then washed three
times with pre-chilled TBST. After incubation with an
HRP-labeled secondary antibody for 2 h, the protein
bands were analyzed using an ECL hypersensitivity
chemiluminescence kit (Beyotime). At least three
experiments were performed independently.

Statistical analysis

Statistical analysis was carried out by SPSS 22.0 soft-
ware (SPSS Inc, Chicago, IL). The experiment data
were depicted as a mean ± standard deviation.

Figure 3 miR-149 inhibitor inhibits trophoblast apoptosis. (a) The number of apoptotic cells detected by Hoechst 33258
staining. (b) Cell cycle distribution of cells in each group detected by flow cytometry. (c) Cell apoptosis rate in each
group detected by flow cytometry. One-way ANOVA (panel a–c) was adopted for comparisons among multiple groups,
followed by Tukey’s multiple comparisons test.
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Figure 4 miR-149 inhibitor promotes migration and invasion of trophoblasts. (a) Expression of E-cadherin and Vimentin
in HTR-8 and BEWO cells determined by immunofluorescence assay. (b and c) The migration and invasion of HTR-8
and BEWO cells determined by Transwell assay. One-way ANOVA (panel a–c) was adopted for comparisons among
multiple groups, followed by Tukey’s multiple comparisons test. [Correction added on 1 October, after first online pub-
lication: Figure 4 has been amended.]
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Comparisons between two groups were performed
using unpaired t test. One-way analysis of variance
(ANOVA) or two-way ANOVA was adopted for
comparisons among multiple groups, after which
Tukey’s multiple comparisons test was applied for
pairwise comparisons. Pearson’s correlation test was
used to analyze the correlation between miR-149 and
RUNX2 expression in RM patients. P < 0.05 was reg-
arded as statistical significance.

Results
miR-149 is highly expressed in RM patients

We first detected miR-149 expression in placental cho-
rionic tissues of 21 RM patients and 13 controls by
RT-qPCR. We found that miR-149 expression in RM
patients was significantly increased (Fig. 1a). We fur-
ther tested the expression of miR-149 in the placental
chorionic tissues of nine patients with abnormal kar-
yotypes and found no significant difference between
the expression of miR-149 in the chorionic tissues of
patients with abnormal karyotypes and patients with
RM caused by normal karyotypes (Fig. S1). Subse-
quently, we tested miR-149 expression in HTR-8,
BEWO and JEG3 cells and found that miR-149

expression in HTR-8 cells was relatively low, thus we
transfected miR-149 mimic and corresponding mimic
control into HTR-8 cells. On the contrary, miR-149
expression in BEWO cells was relatively high, thus
we transfected miR-149 inhibitor and corresponding
inhibitor control into BEWO cells. We confirmed by
RT-qPCR that the HTR-8 cell line overexpressing
miR-149 and the BEWO cell line with miR-149 knock-
down were successfully developed (Fig. 1b,c).

miR-149 inhibitor promotes the activity of
trophoblasts

According to CCK-8 assay, we found that in HTR-8
cells overexpressing miR-149, the OD value at 450 nm
was reduced from 24 h, while in BEWO cells with
low miR-149 expression, cell activity was enhanced
from 24 h (Fig. 2a). Next, we detected cell prolifera-
tion through colony formation assay and EdU
staining and found that high miR-149 expression
inhibited the proliferation of HTR-8 cells, while
downregulation of miR-149 promoted the prolifera-
tion of BEWO cells (Fig. 2b,c). Furthermore, results
from CFSE and flow cytometry suggested that miR-
149 mimic reduced the number of CFSE-positive cells
in HTR-8 cells, while miR-149 inhibitor had the oppo-
site effect in BEWO cells (Fig. 2d).

Figure 5 miR-149 disrupts the PTEN/Akt signaling pathway by targeting RUNX2. (a) TargetScan, StarBase, miRDB and
miRTarBase predicted possible targeting mRNAs of miR-149. (b) StarBase predicted the targeted binding sequence of
miR-149 and RUNX2. (c) Luciferase activity experiment verified the binding relationship between miR-149 and RUNX2.
(d) The mRNA expression of RUNX2 in placental chorionic tissues of 21 RM patients and 13 controls was detected by
RT-qPCR. (e) Pearson’s correlation test analyzed the relationship between miR-149 and RUNX2 in RM patients. (f and
g). The mRNA and protein expression of RUNX2 in HTR-8 and BEWO cells determined by RT-qPCR and western blot
analysis. (h) The protein expression of PTEN and Akt1 as well as the extent of Akt1 phosphorylation determined by
western blot analysis. Comparisons between the two groups were performed using an unpaired t test (panel d). Two-
way ANOVA (panel c and h) or one-way ANOVA (panel f and g) was adopted for comparisons among multiple
groups, followed by Tukey’s multiple comparisons test.
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Figure 6 Legend on next page.

2542 © 2020 The Authors. Journal of Obstetrics and Gynaecology Research published by John Wiley & Sons Australia, Ltd
on behalf of Japan Society of Obstetrics and Gynecology.

P. Wang et al.



miR-149 inhibitor suppresses trophoblast
apoptosis

Then, we further detected the number of apoptotic
cells by Hoechst 33258 staining. The results showed
that miR-149 overexpression resulted in an elevated
number of apoptotic HTR-8 cells, while inhibition of
miR-149 in BEWO cells reduced cell apoptosis
(Fig. 3a). Subsequently, we further assessed the cell
cycle distribution by flow cytometry. The
corresponding results implied that HTR-8 cells with
miR-149 overexpression arrested more cells in the
G0/G1 phase and fewer cells in the S phase, with no
significant changes in the G2/M phase. On the con-
trary, in BEWO cells with inhibited miR-149, more
cells arrested in the S phase, while fewer cells in the
G0/G1 phase (Fig. 3b). This shows that miR-149 pro-
motes G0/G1 cell cycle arrest in cells, while inhibition
of miR-14 promotes cellular progression. Therefore,
we further detected cell apoptosis by flow cytometry.
We found that overexpression of miR-149 promoted
apoptosis in HTR-8 cells, but inhibition of miR-149
reduced apoptosis in BEWO cells (Fig. 3c).

miR-149 inhibitor enhances migration and
invasion of trophoblasts

The next step was to determine E-cadherin and
Vimentin expression in HTR-8 and BEWO cells by
immunofluorescence assay. The findings outlined that
overexpressed miR-149 promoted E-cadherin expres-
sion and suppressed Vimentin expression in HTR-8
cells, while downregulation of miR-149 in BEWO cells
diminished E-cadherin expression and enhanced
Vimentin expression (Fig. 4a). Next, the migratory
and invasive abilities of trophoblasts determined by
Transwell assay suggested that upregulated miR-149
in HTR-8 cells reduced the number of HTR-8 cells
migrated/invaded into the basolateral compartment,
but in BEWO cells with inhibited miR-149, the num-
ber of cell migration and invasion was elevated
(Fig. 4b,c).

miR-149 blunts the PTEN/Akt signaling pathway
by targeting RUNX2

In order to further verify the downstream molecular
mechanism of miR-149, we predicted the possible
targeting mRNAs of miR-149 through TargetScan,
StarBase, miRDB and miRTarBase, and we screened a
total of five genes that were related to miR-149
(Fig. 5a). Subsequently, we predicted the binding
sequence of miR-149 to RUNX2 through StarBase
(Fig. 5b). Based on this binding sequence, we
designed a luciferase activity experiment to verify the
binding relationship between miR-149 and RUNX2
and found that luciferase activity was reduced in
293T cells transfected with miR-149 mimic and
RUNX2-Wt (Fig. 5c). Meanwhile, RT-qPCR was per-
formed to detect the mRNA expression of RUNX2 in
placental chorionic tissues of 21 RM patients and
13 controls. We found that the mRNA expression of
RUNX2 in RM patients was reduced, and miR-149
was negatively correlated with RUNX2 (Fig. 5d,e).
Therefore, RUNX2 expression in HTR-8 and BEWO
cells was determined, the results of which mirrored
that highly expressed miR-149 inhibited RUNX2
expression, while the intervention of miR-149 elevated
RUNX2 expression (Fig. 5f,g). Moreover, PTEN/Akt
signaling pathway activation was determined. It was
found that overexpressed miR-149 promoted PTEN
expression and restricted phosphorylation of Akt in
HTR-8 cells, thereby promoting cell apoptosis. How-
ever, miR-149 inhibitor in BEWO cells exhibited
completely opposite experimental results (Fig. 5h).

Silencing of RUNX2 or inhibition of the PTEN/
Akt signaling pathway neutralizes the protective
effect of the miR-149 inhibitor

In the next step, we added the PTEN signaling path-
way inhibitor SF1670 to miR-149-overexpressing cells,
and further inhibited RUNX2 expression in BEWO
cells with miR-149 inhibitor. Western blot analysis
and RT-qPCR exhibited that further knockdown of
RUNX2 expression in the presence of miR-149 inhibi-
tor significantly activated the PTEN/AKT signaling

Figure 6 Silencing of RUNX2 or inhibition of the PTEN/Akt signaling pathway neutralizes the protective effect of miR-
149 inhibitor. The PTEN signaling pathway inhibitor SF1670 was added to miR-149-overexpressing cells, and RUNX2
was further inhibited in BEWO cells that interfered with miR-149. (a) The expression of RUNX2, PTEN and Akt1 as well
as the extent of Akt1 phosphorylation verified by western blot analysis and RT-qPCR. (b) Detection of cell proliferation
by EdU staining. (c) Cells were stained with CFSE, and cells were tested for cell viability by flow cytometry.
(d) Detection of cell apoptosis by flow cytometry. (e and f) Transwell assay detected the migration and invasion of
HTR-8 cells and BEWO cells. Two-way ANOVA (panel a) or one-way ANOVA (panel b–f) was adopted for compari-
sons among multiple groups, followed by Tukey’s multiple comparisons test.
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pathway (Fig. 6a). Meanwhile, cell proliferation abil-
ity was detected by EdU staining and CFSE staining,
and the results revealed that SF1670 treatment
inhibited the blocking effect of miR-149 mimic on
HTR-8 cell activities, and inhibited apoptosis, as well
as promoted cell migration and invasion. However,
after RUNX2 was further silenced in BEWO cells, the
cell activity was reduced, apoptotic cells were
increased and the cell migration and invasion capabil-
ities were decreased (Fig. 6b–f).

Discussion

Recurrent miscarriage is a relatively rare disease with
an estimated morbidity of 1–2%, while its etiology is
not recognized in more than 50% of cases despite of
years of investigation.19 Evidence has recently indi-
cated that miRNAs play a role in the pregnancy estab-
lishment, embryo-maternal communication, embryo
implantation, as well as embryo development.20,21

Owing to this, a multidisciplinary regimen in RM
evaluation is essential to unlock the risk of
RM. Therefore, this study is launched to find out the
relevance of miR-149 in trophoblasts in RM.

To begin with, the role of miR-149 in RM has been
explored and the results outlined that miR-149 is
highly expressed in RM patients. Besides, we also
identified that overexpressed miR-149 promoted cell
apoptosis and inhibited the activity of trophoblasts in
RM while reducing miR-149 expression in tropho-
blasts exhibited opposite experimental results. Some
of the miRNAs have been implied to be involved in
platelet aggregation,22 placental immune activation,23

along with trophoblast invasion,24 among which there
is miR-149-5p.25 An article has revealed that higher
miR-149 T > C polymorphism was detected in idio-
pathic recurrent pregnancy loss cases in contrast to
healthy controls.26 Meanwhile, another study has rev-
ealed that inhibition of miR-149 strengthened cell
invasive and migratory potentials of trophoblasts in
preeclampsia.27 Moreover, the functions of miR-149 in
human diseases have been explored. Yang et al. have
identified elevated miR-149-5p in non-small cell lung
cancer tissues with the application of either small
RNA-sequencing or RT-qPCR.28 Besides, upregulated
miR-149-3p was found in melanoma patients, and
miR-149-3p was of significance in the diagnosis of
early-stage melanoma.29 A recent study highlighted
that the possibility of having the identical karyotype
pattern (recurrent normal or recurrent abnormal) in

previous and subsequent abortion is elevated com-
pared with chance.30 Our further investigation rev-
ealed that miR-149 expression exhibited no significant
difference between RM patients with normal or
abnormal karyotype, indicating that miR-149 may not
be responsible for RM due to chromosomal abnormal-
ities. Nevertheless, the potentials of miR-149 in RM
should be further confirmed.
Knowingly, the change of miRNA expression and

function might be resulted from different mechanisms,
such as improper histone modification, DNA copy
number aberrations, alteration in miRNAs processing
pathway as well as genetic mutations in miRNA
genes.31 In this current study, we recognized that miR-
149 was able to target RUNX2, promote PTEN expres-
sion and inhibit Akt phosphorylation. RUNX2 was ini-
tially identified as a controller of osteoblast
differentiation and chondrocyte maturation.32 A report
has suggested that RUNX2 is expressed in mouse pla-
centa.33 Moreover, RUNX2 has been discussed in can-
cer biology due to its functions in controlling cancer
cell development.34 However, the target relationship of
miR-149 and RUNX2 was scarcely explored before.
Emerging evidences have concentrated on the binding
of miR-149 with other target genes. For instance, a
research was launched to elucidate whether ENG was
involved in trophoblast invasion modulated by miR-
149-5p, and the results of which outlined that there
was a binding site between ENG and miR-149-5p in
human trophoblasts.35 Another study has demon-
strated binding sites between PGF 30-UTR and miR-
149, and PGF was decreased in HTR-8/SVneo cells
upon treatment of miR-149 mimic, while its expression
was restored in trophoblasts with miR-149 inhibitor
transfection.27 Furthermore, as for the correlation of
miR-149 with the PTEN/Akt signaling pathway, an
article has demonstrated that miR-149 exerted its bio-
logical functions in ovarian cancer cells through the
modulation of the PI3K/Akt axis.36 However, how
miR-149 regulated the PTEN/Akt signaling pathway
in RM needs deep verification.
Finally, the combination of miR-149 inhibitor and

si-RUNX2 was observed to activate the PTEN/Akt sig-
naling pathway, as manifested by promoted PTEN
expression and lowered Akt phosphorylation. It was
thus concluded that miR-149 modulated the PTEN/Akt
signaling pathway by targeting RUNX2. To further vali-
date the involvement of the PTEN/Akt signaling path-
way in RM, the impact of SF1670 on HTR-8 cells was
monitored by EdU and CFSE staining, flow cytometry
as well as Transwell assays. Our data demonstrated that
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SF1670-induced modifications at molecular levels can be
translated to increased cell viability, migration and inva-
sion in miR-149 mimic-transfected cells. Moreover, the
results of flow cytometry showed SF1670 attenuated the
number of apoptotic cells, indicating that SF1670
inhibited miR-149 mimic-induced apoptotic cell death.
These results and the aforementioned points suggest the
protective role for miR-149 inhibitor against RM in vitro
was partially mediated by the PTEN/Akt signaling
pathway.
In summary, this study highlights that miR-149

impairs the PTEN/Akt signaling pathway by targeting
RUNX2, thereby inhibiting trophoblast activity and pro-
moting its apoptosis in RM. This article may facilitate
for the discovery of novel therapeutic agents for this dis-
ease. More researches are still required for further con-
firmation and extension in a larger cohort.
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None declared.
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Figure S1 miR-149 expression between RM patients
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