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MicroRNA-142-3p inhibits trophoblast cell migration and
invasion by disrupting the TGF-$1/Smad3 signaling pathway
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Abstract. Insufficient invasion of trophoblasts is known to
be associated with preeclampsia (PE) development. Recently,
microRNAs (miRNAs) have been reported to serve important
roles in the pathogenesis of PE. However, little is known
regarding the regulation of trophoblastic invasion by miRNAs.
The aim of the present study was to explore the role of miRNAs
in trophoblastic invasion and the underlying molecular mecha-
nism. Using a miRNA microarray, miRNAs putatively involved
in the pathophysiology of PE were examined between normal
and preeclamptic placentas. Validation analysis of miR-142-3p
level in placenta specimens was performed using reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR).
Then, the regulation of miR-142-3p on trophoblast cells
migration and invasion was evaluated using wound healing
and transwell migration assays. Furthermore, the target gene
of miR-142-3p and the downstream signaling pathway were
also investigated. Microarray analysis and RT-qPCR revealed
that miR-142-3p was significantly upregulated in placenta
specimens from patients with PE. Its overexpression inhibited
trophoblast cell invasion and migration, whereas its knockdown
enhanced trophoblast cell invasion and migration. In addition,
overexpression of miR-142-3p inhibited the mRNA expression
and the activities of matrix metalloproteinase-2 (MMP2) and
MMP9, which are closely associated with cell invasion and
migration, while inhibition of miR-142-3p had the opposite
result. Subsequent analyses demonstrated that transforming
growth factor-f1 (TGF-f1) was a direct and functional target
of miR-142-3p. Notably, the knockdown of TGF-p1 effectively
reversed the enhancement of miR-142-3p inhibitor on tropho-
blast cell invasion and migration. Finally, the present study
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confirmed that miR-142-3p inhibitor enhanced cell invasion
and migration by reactivating the TGF-f1/Smad3 signaling
pathway. Taken together, the results of the present study
suggest that miR-142-3p may serve an important role in human
placental development by suppressing trophoblast cell inva-
sion and migration through disruption of the TGF-f31/smad3
signaling pathway, suggesting that knockdown of miR-142-3p
may provide a novel therapy for PE.

Introduction

Preeclampsia (PE) is a pregnancy-specific syndrome charac-
terized by the new onset of hypertension and proteinuria after
20 weeks of gestation. PE affects 3-5% pregnant women and
results in high maternal and neonatal morbidity and mortality
worldwide (1,2). Despite major efforts have been made in past
decades, the available therapeutic options to retard disease
progression remain limited. Thus, it is an urgent need to search
for a principal therapeutic target for PE.

Normal placentation is believed to play an important role
during pregnancy. The process of placentation involves cells
derived from the placenta, fetal extravillous trophoblasts
(EVTs), invading into the endometrium and one third of the
myometrium, as well as the associated spiral arteries under
strict temporal and spatial controls (3-5). Subsequently, the
spiral arteries were replaced and converted into highly dilated
vessels that are able to provide adequate placental perfusion to
maintain the growth of fetus (6). There is increasing evidence
to support that insufficient trophoblastic invasion is central to
the pathogenesis of PE (7,8). However, the molecular mecha-
nism for the regulation of trophoblast invasion remains largely
elusive.

MicroRNAs (miRNAs) are a class of small non-coding
RNAs which negatively regulate gene expression by binding to
the 3'-untranslated regions (3'-UTR) of their target mRNAs for
transcript degradation or translational repression (9). miRNAs
were recently reported to play functional roles in various
cellular processes in almost all diseases, such as proliferation,
apoptosis, invasion, and differentiation (10,11). It has been
found that the expression profiles of miRNAs were signifi-
cantly altered in placenta tissues and maternal serum from PE
pregnancies (12,13). For example, by screening the expression
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profile of miRNAs in the placentas of PE patients and healthy
subjects, Enquobahrie et al (14), identified that eight miRNAs
were differentially expressed in the PE placentas, suggesting
that aberrant expression of miRNAs may contribute to the
pathogenesis of PE.

In the present study, we focused the expression level of
miR-142-3p in the placentas of PE patients and studied its role
in the invasion and migration of trophoblast cells. Moreover,
we also studied the association between miR-142-3p and
TGF-P1 in the invasion ability of trophoblast cells, as well as
the downstream signaling pathway.

Materials and methods

Tissue samples. The placental tissues used in this study were
obtained from women with normal pregnancies (n=20) and
patients with PE (n=20) at the Department of Obstetrics and
Gynecology, Tangshan Worker Hospital. All experimental proto-
cols were approved by the Ethics Committee of the Tangshan
Worker Hospital, He Bei Medical University. All studies were
performed in accordance with the ethical guidelines of the
Tangshan Worker Hospital, He Bei Medical University. Written
informed consent was obtained from all patients.

miRNA expression profiling. Total RNA was isolated from
frozen placentas tissue by the miRNeasy mini kit (Qiagen,
Ltd., West Sussex, UK) following the manufacturer's protocol.
After passing the RNA purity and quantity measurement
using the NanoDrop ND-1000 Spectrophotometry (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and Agilent's 2100
Bioanalyzer, samples were labeled with miRCURY™ Hy3™/
Hy5™ Power labeling kit and hybridized to the miRCURY
LNA™ Array (v.18.0; Agilent Technologies, Inc., Santa Clara,
CA, USA), incubated, washed and scanned in Agilent high reso-
lution microarray scanner. Data was analyzed using Genespring
software (Agilent Technologies, Inc.). The heat map of the 54
miRNAs most obvious differences was created using a method
of hierarchical clustering by GeneSpring GX, v.7.3 (Agilent
Technologies, Inc.).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA and miRNA were isolated from placentas specimens
using the miRNeasy Mini kit (Qiagen GmbH, Hilden,
Germany) following the manufacturer's instructions. For the
detection of miR-142-3p, miR-142-3p was reverse transcribed
using the PrimeScript RT reagent kit (Takara Biotechnology
Co., Ltd., Dalian, China) and quantified by RT-qPCR with the
TagMan MicroRNA assay kit (Applied Biosystems; Thermo
Fisher Scientific, Inc.). For detection of the TGF-1 mRNA
levels, 1 ug of total RNA was reverse transcribed using Script™
cDNA Synthesis kit (Bio-Rad Laboratories, Inc., Hercules,
CA, USA), RT-qPCR were performed using SYBR Premix
Ex Taq (Takara Biotechnology Co., Ltd., Dalian, China) on
an ABI PRISM 7500 Sequence Detection System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). U6 and glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) were used as
normalization control in the expression analysis of miR-142-3p
and TGF-p1, respectively. The sequences of the primers were as
follows: MMP-2 sense 5'-GGCCTCGTATACCGCATCAAT
C-3', anti-sense 5'-GGCCTCTCCTGACATTGACCTT-3";
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MMP-9 sense 5'-CCCGGACCAAGGATACAG-3', anti-sense
5-GGCTTTCTCTCGGTACTG-3'; GAPDH sense 5-ATT
GTTGCCATCAATGACCC-3', anti-sense 5'-AGTAGAGGC
AGGGATGATGT-3". Primers for miR-142-3p and U6 snRNA
were obtained from GeneCopoeia. The relative expression of
RNAs was calculated using the 27244 method (15). Each reac-
tion was conducted in triplicate.

Cell culture. The extravillous trophoblast cell line HTR-8/
SVneo was obtained from ATCC and maintained in RPMI
1640 medium (Thermo Fisher Scientific, Inc.) supplemented
with 10% fetal bovine serum (Thermo Fisher Scientific,
Inc.). Human 293T cells were purchased from the American
Type Culture Collection (Manassas, VA, USA) and main-
tained in Dulbecco's modified Eagle's medium (Invitrogen;
Thermo Fisher Scientific, Inc.) containing 10% fetal bovine
serum (Invitrogen; Thermo Fisher Scientific, Inc.) and 1/100
streptomycin-penicillin mix (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany). The cells were incubated at 37°C with
5% CO,.

Transfection. The miR-142-3p mimics, miR-142-3p inhibitor
and negative control (6) were synthesized by GenePharma
Biological Technology (Shanghai, China). The TGF-f1
siRNA and NC siRNA were purchased from GenePharma
Biological Technology. Cell transfection was performed using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions. The cells
were treated for further experiments 48 h after transfection.

In vitro invasion and migration assay. For wound healing
assay, HTR-8/SVneo cells were transfected with miR-142-3p
mimics, miR-142-3p inhibitor and negative control (6) or
si-TGF-f1 and seeded into 6-well plates at a density of
1,000 cells/well. After 48 h, when the cells reached 80%
confluence, scratch wounds were wounded with a 10 ul pipette
tip; cells were washed three times with PBS to clear cell
debris; and wound gaps were imaged and calculated by Image
J software (NIH, Bethesda, MD, USA) at 24 and 48 h. For inva-
sion assay, the invasive ability of trophoblasts was evaluated
using a polycarbonate membrane cell culture insert (Costar;
Corning Incorporated, Corning, NY, USA) coated with growth
factor reduced Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA) as previously described (16). The number of invaded
cells was calculated by counting five random views under the
microscope at 24 and 48 h. The experiment was performed in
triplicate and repeated for three times.

Gelatin zymography. Gelatin zymography is an extremely sensi-
tive and useful technique for measuring the relative amounts of
active and inactive gelatinase (MMP-2 or MMP-9) in samples.
Briefly, samples (10 pl) were resuspended in 5x non-reducing
sample buffer (4% SDS, 20% glycerol, 0.01% bromophenol
blue and 125 mM Tris-HCI), and run on a 10% SDS-PAGE gel
containing 0.5 mg/ml gelatin without prior denaturation. After
electrophoresis, the gels were washed to remove SDS and incu-
bated for 5-10 min at room temperature (RT) in an incubation
buffer (50 mM Tris, 5 mM CaCl,, 1 uM ZnCl,, and 1% Triton
X-100). Next, replace with fresh incubation buffer and incubate
for 24 h at 37°C. The gels were subsequently stained with
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Coomassie brilliant blue G-250, destained in 30% methanol,
and flooded with 10% acetic acid to detect gelatinase secretion.

Western blot analysis. Total cell protein was abstracted from
cells after transfection using radioimmunoprecipitation (RIPA)
lysis buffer (Sigma-Aldrich; Merck KGaA) and the quantity of
the protein was determined using a Bicinchoninic Acid (BCA)
protein assay kit (Pierce; Thermo Fisher Scientific, Inc.). 40 ug
of protein samples were subjected to SDS-polyacrylamide gel
electrophoresis and transferred onto a PVDF membrane. The
membrane was blocked with 5% nonfat milk. The membrane
was then incubated with primary antibodies: Anti-TGF-1
antibody (Rabbit polyclonal, 1:1,000) and anti-f-actin antibody
(Rabbit polyclonal, 1:2,000) (all antibodies were purchased
from Abcam, Cambridge, MA, USA), followed by incubation
with HRP-anti-rabbit secondary antibody at room temperature
for 1 h. Signals were detected using an ECL kit (GE Healthcare,
Chicago, IL, USA) according to the manufacturer's protocol.
The intensity of protein fragments was quantified with the
Quantity One software (v.4.5.0 basic, Bio-Rad Laboratories,
Inc.).

Luciferase assays. A cDNA fragment of the TGF-f1 3'-UTR
mRNA containing the seed sequence of the miR-142-3p-binding
site or a mutated binding site was cloned into the pmirGLO
dual-luciferase vector (Promega Corporation, Madison, W1,
USA). The constructed dual-luciferase vector was co-trans-
fected with 10 pmol of miR-142-3p mimics, miR-142-3p
inhibitor or NC into 293T cells. The cells were harvested and
lysed 24 h later, and the luciferase activity was measured by
the Dual-Luciferase Assay System (Promega Corporation) in
accordance to the manufacturer's instructions.

Statistical analysis. Data are presented as the mean + standard
deviation of three independent experiments. Statistical
analysis was performed using GraphPad Prism v.5.0
(GraphPad Software, Inc., San Diego, CA, USA). Differences
were analyzed with the Student's t-test between two groups
or with one-way analysis of variance followed by Tukey's
multiple comparison tests between multiple groups. P<0.05
was considered to indicate a statistically significant difference.

Results

miR-142-3p was upregulated in placentas from patients with
PE. In order to identify the changes in miRNA expression
involved in the pathogenesis of PE, a miRNA microarray
with a pool of miRNAs of frozen placentas from 3 patients
with PE and 3 normal pregnancies was performed. Our data
revealed that 29 miRNAs were upregulated and 25 miRNAs
were downregulated in the PE group (Fig. 1A). Among the
aberrantly expressed miRNAs, miR-142-3p was one of the
miRNAs being most significantly upregulated. In previous
studies, miR-142-3p has been also found to be upregulated
in the placenta tissues from PE patients (17-19). Moreover,
miR-142-3p expression correlated with the invasiveness of
different types of human cancer cells (20-22). Therefore,
we chose miR-142-3p for further research. To validate the
results of miRNA microarray, the miR-142-3p expression
in 20 pairs of placentas from patients with PE and normal
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pregnancies was determined by RT-qPCR. The results showed
that miR-142-3p expression was significantly upregulated in
placentas compared with normal placentas tissues (Fig. 1B).
These results suggested that miR-142-3p may be involved in
the pathogenesis of PE.

Knockdown of miR-142-3p promotes invasiveness of
trophoblast cells. To investigate the role of miR-142-3p on
migration and invasion of trophoblast cells, HTR-8/SVneo
cells derived from human extravillous trophoblast, which
is widely used as in vitro models for studies of trophoblast
invasion (23), were transiently transfected with miR-142-3p
mimics, miR-142-3p inhibitor or negative control (6), then
the invasion and migration were measured by wound healing
assay and transwell invasion assay at 24 and 48 h. As shown
in Fig. 2A and B, miR-142-3p overexpression significantly
suppressed the migration and invasion of HTR-8/SVneo
cells. In contrast, knockdown of miR-142-3p significantly
increased the migration and invasion of HTR-8/SVneo cells
(Fig. 2C and D). It is well known that the MMPs activity plays
an important role in trophoblast invasion (24,25). For this
reason, we measured the effect of miR-142-3p on the mRNA
levels of MMP2 and MMP9, which are closely related to cell
invasion. As shown in Fig. 2E and F, miR-142-3p overexpres-
sion significantly inhibited the mRNA expressions of MMP2
and MMP9, whereas knockdown of miR-142-3p significantly
promoted the expression of MMP2 and MMP9. We further
detected the activity of MMP2 and MMP9 by Gelatin zymog-
raphy. The results showed that miR-142-3p overexpression
obviously reduced the gelatinolytic activity of the active form
of MMP2 and MMP9, while miR-142-3p inhibition had an
opposite result (Fig. 2G and H). These results indicated that
miR-142-3p can inhibit invasiveness of trophoblast cells via
increased secretion and activity of MMP2 and MMP9.

TGF-f1 is a direct target of miR-142-3p. To further elucidate
the underlying molecular mechanisms by which miR-142-3p
functions in HTR&8/SVneo cells, we used the bio-informatic
tools (miRBase and TargetScan) to search for the potential
targets. To our interest, TGF-B1, which has been found to be
involved in the invasion of human trophoblast cells (26-29),
could bind to miR-142-3p (Fig. 3A). Thus, TGF-f1 was selected
for further investigation. To experimentally validate whether
TGF-B1 was a direct target of miR-142-3p, a dual-luciferase
reporter assay was conducted. The results showed that
overexpression of miR-142-3p significantly decreased the
luciferase activity of wt-TGF-B1-3'UTR, whereas knockdown
of miR-142-3p increased luciferase activity. Likewise, cells
co-transfected with miR-142-3p mimics, miR-142-3p inhibitor,
and TGF-B1-mut-3'UTR, showed no obvious change in their
luciferase activity (Fig. 3B). In addition, we explored whether
miR-142-3p could modulate the expression of TGF-p1. As
shown in Fig. 3C and D, the mRNA and protein levels of TGF-31
was decreased after overexpression of miR-142-3p, whereas it
increased after inhibition of miR-142-3p. These results suggest
that miR-142-3p may affect the invasion and migration of HTR8/
SVneo cells partly at least, by targeting TGF-p1.

miR-142-3p inhibition promoted invasiveness of trophoblast
cells through the upregulation of TGF-1. Based on the
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Figure 1. miR-142-3p was upregulated in preeclamptic placentas specimens. (A) Heatmap of the normalized expression levels of miRNAs in placenta samples
from 3 patients with PE and 3 women with normal pregnancies. Green indicates low expression levels; red indicates high expression levels. (B) RT-qPCR
was performed to determine the expression levels of miR-142-3p in preeclamptic placentas (n=20) and normal pregnancies (n=20). P<0.01 vs. Normal group.
miRNA/miR, microRNAs; PE, preeclampsia; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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Figure 2. miR-142-3p inhibits the invasion and migration of trophoblast cells. HTR-8/SVneo cells were transfected with miR-142-3p mimics, miR-142-3p
inhibitor or miRNA negative controls prior to wound healing and transwell invasion assays. Cell (A) migration and (B) invasion was measured at 24 and 48 h
in cells transfected with mimics. Cell (C) migration and (D) invasion was measured at 24 and 48 h in cells transfected with inhibitor. The mRNA expression of
MMP2 and MMP?9 in (E) mimics and (F) inhibitor-transfected cells was analyzed by RT-qPCR. (G and H) The activities of MMP2 and MMP9 were measured
by Gelatin zymography. Data are presented as the mean + standard deviation of three independent experiments. ‘P<0.05 and “P<0.01, as indicated. miRNA/
miR, microRNAs; MMP, matrix metalloproteinase; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC, negative control.

findings above, we hypothesized that miR-142-3p inhibitor =~ miR-142-3p inhibitor and TGF-f1 siRNA into HTR8/SVneo
might promote trophoblast cells invasion and migration by  cells,and the invasion and migration were measured. As shown
upregulating TGF-f1 expression. Firstly, we co-transfected  in Fig. 4A and B, si-TGF-f1 reversed the promotive effects of
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Figure 3. TGF-B1 is a direct target of miR-142-3p. (A) The putative binding site of miR-142-3p and TGF-f1 is shown. (B) miR-142-3p mimic suppressed the
luciferase activities of constructs containing the 3-UTR segment of TGF-$1, while miR-142-3p inhibitor significantly increased the luciferase activities of
constructs containing the 3-UTR segment of TGF-f1 (n=3). “P<0.01 vs. mimics NC; “/P<0.01 vs. inhibitor NC. (C and D) The expressions of TGF-f1 mRNA
and protein following transfection with (C) miR-142-3p mimic or (D) miR-142-3p inhibitor were measured by RT-qPCR and western blotting. Data are presented
as the mean = standard deviation of three independent experiments. “"P<0.01 vs. associated NC group. miRNA/miR, microRNAs; UTR, untranslated region;
TGF, transforming growth factor; wt, wild-type; mut, mutant; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC, negative control.
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Figure 4. Si-TGF-f1 reversed the effect of miR-142-3p inhibitor on cell invasion in HTR8/SVneo cells. HTR8/SVneo cells were co-transfected with si-TGF-f1
and miR-142-3p inhibitor. (A) Wound healing assay was performed to monitor cell migration. (B) Transwell assay was performed to monitor cell invasiveness.
(C) The mRNA expression of MMP2 and MMP9 was analyzed by RT-qPCR. (D) The activities of MMP2 and MMP9 were measured by Gelatin zymography.
Data are presented as the mean + standard deviation of three independent experiments. "P<0.05 and “P<0.01 vs. control group; *P<0.01 vs. miR-142-3p
inhibitor. miRNA/miR, microRNAs; UTR, untranslated region; TGF, transforming growth factor; si-, small interfering RNA; MMP, matrix metalloproteinase;
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC, negative control.
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Figure 5. Knockdown of miR-142-3p promoted the activation of the TGF-f1/Smad3 signaling pathway. HTR8/SVneo cells were co-transfected with si-TGF-f1
and miR-142-3p inhibitor. Following 48 h transfection, HTR8/SVneo cells were harvested for western blot analysis. (A) The protein expressions of TGF-f31,
smad3 and p-smad3 were detected by western blotting. (B) The bands were semi-quantitatively analyzed using Image J software, normalized to -actin density.
Data are presented as the mean + standard deviation of three independent experiments. "P<0.05 and “P<0.01 vs. control group; P<0.01 vs. miR-142-3p
inhibitor + si-Scramble group. miRNA/miR, microRNAs; TGF, transforming growth factor; si-, small interfering RNA; p-, phosphorylated.

miR-142-3p on HTR8/SVneo cell invasion and migration. In
addition, the increased mRNA expression levels of MMP-2
and MMP-9 were markedly reduced when TGF-f1 siRNA
transfection (Fig. 4C). Similarly, si-TGF-f1 markedly reduced
the gelatinolytic activity of the active form of MMP2 and
MMP9 mediated by miR-142-3p inhibition (Fig. 4D). These
data indicate that miR-142-3p inhibitor promoted invasiveness
of trophoblast cells through the upregulation of TGF-f31.

Downregulation of miR-142-3p promoted invasiveness of
trophoblast cells via activation of TGF-$1/Smad3 signaling
pathway. Previous studies showed that TGF-1 stimulated
migration and invasion of various cell types via smad signaling
pathway (30-32). Therefore, we hypothesize that a similar
pathway might be involved in the action of miR-142-3p on the
invasion of trophoblast cells. As indicated in Fig. 5A and B,
miR-142-3p inhibitor promoted the phosphorylation level of
smad3 (p-smad3) compared with control group. In contrast,
when si-TGF-f1 was transfected to the miR-142-3p inhibitor
group, the expression of p-smad3 became significantly lower. In
addition, the total protein of smad3 has not been affected. This
result indicates that miR-142-3p inhibitor promotes the inva-
sion and migration of trophoblast cells via the TGF-f1/smad3
signaling pathway.

Discussion

In the present study, we found that miR-142-3p was upregulated
in placentas tissues. Our findings have also demonstrated that
miR-142-3p inhibition promoted the invasion and migration of
trophoblast cells by regulating the TGF-f31/Smad3 signaling
pathway. Thus, miR-142-3p/TGF-B1/smad3 axis may be a
potential target for the prevention and treatment of PE.
Increasing evidence supports that miRNAs play important
roles in the development and progression of PE (7,33,34). For
example, Tamaru et al (35) found that miR-135b suppressed
HTR-8/SVneo cells invasion by directly down regulating
chemokine (C-X-C motif) ligand 12 (CXCL12) under low
oxygen conditions. Another study from Li et al (36), showed that

miR-125b-1-3p could suppress the invasiveness of trophoblast
cells by targeting sphingosine-1-phosphate receptor 1 (SIPR1)
in PE. These inspired us to investigate whether there may
be other miRNAs involved in the regulation of trophoblastic
invasion. In this study, we conducted a microarray miRNA
expression analysis to identify miRNA(s) associated with PE,
and miR-142-3p was selected as one of miRNAs being most
significantly upregulated in placental tissues. Our data imply
miR-142-3p may be associated with the pathogenesis of PE.
miR-142-3p was originally identified as a tumor
suppressor, which played a crucial role in tumor cell
proliferation and invasion (37,38). For example, miR-142-3p
was found to be decreased in cervical cancer cells and
overexpression of miR-142-3p resulted in downregulation
of frizzled7 receptor (FZD7) and inhibited proliferation
and invasion in HelLa and SiHa cells (21). Furthermore,
Schwickert er al (20) found that miR-142-3p inhibited
breast cancer cell invasiveness by synchronous targeting of
wiskott-aldrich syndrome-like (WASL) and Integrin Alpha
V (ITGAV). However, whether miR-142-3p regulates tropho-
blast cell function is largely unknown. In the present study,
we proved that the overexpression of miR-142-3p inhibited
the invasion and migration of HTR-8/SVneo cells, whereas
the knockdown of miR-142-3p led to increased invasive
and migratory abilities of HTR-8/SVneo cells. According
to previous reports, the MMP family plays a crucial role in
the digestion of the extracellular matrix, MMP2 and MMP9
are highly expressed in trophoblasts and crucial for tropho-
blast invasion (24,25). Wang et al (39) showed that Benzola]
pyrene-7,8-diol-9,10-epoxide (BPDE) suppresses the migra-
tion and invasion of human extravillous trophoblast HTR-8/
SVneo cells by downregulating MMP2. Deng et al (40)
found that N-acetylglucosaminyltransferase V. (MGATS)
inhibited the invasion of trophoblast cells by attenuating
MMP2/9 activity in early human pregnancy. However, the
significance of MMP2 and MMP9 for miR-142-3p-mediated
invasion of trophoblast cells has not been elucidated. Here,
we found that the mRNA expressions and the activities
of MMP2 and MMP9 was suppressed by overexpression
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of miR-142-3p, but increased by miR-142-3p knockdown.
These finding indicate that miR-142-3p could suppress the
invasiveness of trophoblast cells via increased secretion
and activity of MMP2 and MMP9. However, the molecular
mechanisms behind the regulation of miR-142-3p expression
and its role in the trophoblast invasion remain unknown.

Transforming growth factor (TGF)-f1 is a member of
the TGF superfamily, which has been shown to be a multi-
functional cytokine required for embryonic development
and regulation of trophoblast cell behaviors (41). Increasing
evidence demonstrated that TGF-p1 could inhibit tropho-
blast cell proliferation and invasion/migration in some of
the transformed trophoblast cell lines, including HRT-8/
SVneo, SGHP-4, and ED-27 (42-44). A recent research from
Karmakar et al (45), showed that TGF-f1 mediated upregu-
lation of cell-to-cell adhesion with reduced cell-to-matrix
interaction along with an increased ezrin and E-cadherin
expression, is associated with reduced invasiveness of tropho-
blast cells. Interestingly, previous study reported that miRNAs
play important roles in the regulation of cancer metastasis via
regulating TGF-P1 directly or indirectly (46,47). Thus, we
speculated that whether the TGF-f1 is involved in miR-142-3p
mediated inhibiting effect on the invasion of trophoblast cells.
In the present study, bioinformatics was used to predict the
target genes that regulate by miR-142-3p and it was determined
that TGF-B1 may be closely associated with miR-142-3p. Our
study also revealed that the TGF-f3/Smad3 signaling pathway
was modulated by miR-142-3p. TGF-3/Smad3 signaling
pathway play a crucial role in the invasion of human JEG-3
trophoblast cells (48). It is well known that the downstream
effects of TGF-f1 are mediated by smads, a family of intracel-
lular transcription factors (49). We assumed that knockdown
of miR-142-3p can increase expression of TGF-f1, thus
promoting smad3 changing to p-smad3 in trophoblast cells.
In contrast, si-TGF-f1 reversed the promoting effect of
miR-142-3p knockdown on the activity of TGF-f/Smad3
signaling. Based on these findings, we suggest that inhibition
of miR-142-3p promotes the activation of TGF-1/Smad3
signaling, and subsequently enhances the invasion of tropho-
blast cells.

In conclusion, we demonstrated that miR-142-3p is highly
expressed in preeclamptic placentas specimens. Furthermore,
our study provides preliminary evidence that inhibition of
miR-142-3p promotes the invasion of trophoblast cells via
TGF-B1/smad3 pathway. Therefore, miR-142-3p/TGF-f31/
Smad3 axis may be developed to be a potential therapeutic
target for PE.
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