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Abstract: Insufficient trophoblast migration/invasion is associated with the preeclampsia (PE) development. Re-
cently, microRNAs (miRNAs) have been confirmed to be involved in the pathogenesis of PE. The aim of the present
study was to evaluate whether miRNAs is involved in the procession of PE by regulating the migration/invasion of
trophoblast. First, we compared the expression profiles of miRNAs between normal and preeclamptic placentas us-
ing microarray. Validation analysis of miR-20b level in placentas and peripheral blood specimens was performed us-
ing quantitative reverse transcription PCR (qRT-PCR). Then, the effects of miR-20b on trophoblast cell migration and
invasion were evaluated using wound healing assay and transwell migration assay. Further bioinformatics analysis,
luciferase reporter assays and Western blot were performed to identify its target genes. The correlation between
miR-20b and matrix metalloproteinase-2 (MMP-2) in placentas was determined by Pearson’s correlation coefficient.
Finally, HTR8/SVneo cells were co-transfected with miR-20b inhibitor and si-MMP-2 to explore the molecular mecha-
nism by which miR-20b functions in the trophoblast migration/invasion. We found that miR-20b was elevated in
placentas and peripheral blood specimens from preeclampsia patients. Further results show that overexpression
of miR-20b significantly inhibited the invasiveness of human trophoblast cells, whereas miR-20b knockdown en-
hanced trophoblast cell invasion. Matrix metalloproteinase-2 (MMP-2), the most common enzymes in remodeling
extracellular matrix components for metastasis, was proved to be a direct target of miR-20b. Inhibition of MMP-2 by
siRNA could reverse the promoting effect of miR-20b inhibition on the invasion of trophoblast cells. Taken together,
our study indicates that miR-20b inhibited trophoblastic invasion by targeting MMP2. The miR-20b/MMP-2 axis may
provide novel insights into understanding the molecular pathogenesis of PE and may be a prognostic biomarker and
therapeutic target for PE.
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Introduction

Preeclampsia (PE) is a pregnancy-specific syn-
drome characterized by hypertension and pro-
teinuria, making it a major cause of maternal
and perinatal mortality and morbidity [1, 2].
Limited invasion of trophoblast cells is essen-
tial for PE development, but clear studies on its
mechanism are yet to emerge [3-5]. Therefore,
the investigation into the molecular mecha-
nisms related to insufficient trophoblastic inva-
sion is of great significance.

MicroRNAs (miRNAs), a class of small non-cod-
ing RNAs, regulate gene expression at post-

transcription by binding to the 3’-untranslated
regions of their target mRNAs for translational
repression or mRNA cleavage [6, 7]. MiRNAs
are reported to be involved in various cellular
processes including proliferation, apoptosis,
movement, and differentiation [8, 9]. It has
been found that aberrant expression or dys-
function of miRNAs plays a key role in the devel-
opment of PE [10-12]. For example, Zhang et al.
found that miR-155 expression was upregulat-
ed in the placentas of women with PE and con-
tributed to PE development by targeting and
down-regulating angiogenic regulating factor
CYR61 [13]. Another study revealed that miR-
204 suppressed trophoblast-like cell invasion
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by targeting matrix metalloproteinase-9 (MMP-
9), suggesting miR-204 as a novel therapeutic
target for preeclampsia [14]. Therefore, identifi-
cation of novel PE-related miRNAs will offer
insights into preeclampsia etiology.

In this study, we found that miR-20b expression
was elevated in placentas and peripheral blood
specimens. Functionally, we found that miR-
20b could inhibit the migration and invasion of
trophoblast cells. Furthermore, MMP-2 was
identified to be a direct target of miR-20b and
miR-20b exerted its effect on trophoblast cells
by targeting MMP-2.

Materials and methods
Tissue samples

Placentas and maternal blood samples tissues
were obtained from 15 women with normal
pregnancies and 15 women with PE at
Department of Obstetrics, Tongde Hospital of
Zhejiang Province. All experimental protocols
were approved by the Ethics Committee of
Tongde Hospital of Zhejiang Province. All stud-
ies were performed in accordance with the ethi-
cal guidelines of the Ethics Committee of the
Tongde Hospital of Zhejiang Province. Informed
consent was obtained from all patients.

MicroRNA expression profiling

miRNA profiling of placentas was performed
with the 7th generation of miRCURY™ LNA
Array (v.18.0, Exiqon) as previously described
[15]. Expressed data were normalized using the
median normalization. After normalization, sig-
nificant differentially expressed miRNAs were
identified through Volcano plot filtering. Hie-
rarchical clustering was performed using MEV
software (v4.6, TIGR). The miRNAs were consid-
ered to be significantly differentially expressed
between the two groups (AD patient versus
healthy control) if the fold changes (FC) was >
2.0 and the P value was < 0.05.

Quantitative reverse transcription-PCR (qRT-
PCR)

Total RNA was isolated from placentas and
peripheral blood specimens using the TRIzol
reagents (Invitrogen, CA) following the manu-
facturer’s instructions. For the detection of
miR-20b, gRT-PCR assays were performed
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using the TagMan miRNA Assay (Life Tech-
nologies) following the manufacturer’s instruc-
tions. For detection of the MMP-2 mRNA levels,
1 ug of total RNA was reverse transcribed using
Script™ cDNA Synthesis Kit (Bio-Rad Labo-
ratories), then performed on an Applied Bio-
systems 7900HT cycler using SuperReal PreMix
Plus (Tiangen, China). U6 and GAPDH func-
tioned as normalization control in the expres-
sion analysis of miR-20b and MMP2, respec-
tively. The relative expression of RNAs was
calculated using the 222Ct method. 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 (Life Technologies) sup-
plemented with 10% fetal bovine serum (Life
Technologies). Human 293T embryonic kidney
cells were purchased from the American Type
Culture Collection (Manassas, VA, USA) and
maintained in Dulbecco’s modified Eagle’s
medium (Invitrogen) containing 10% fetal
bovine serum (Invitrogen) and 1/100 strepto-
mycin-penicillin mix (Sigma). The cells were
incubated at 37°C with 5% CO,,.

Transfection

The miR-20b mimics, miR-20b inhibitor and
negative control (NC) were synthesized by
GenePharma (Shanghai, China). MMP-2 overex-
pression plasmid (pcDNA-MMP-2) and MMP-2
siRNA for silencing MMP-2 were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Cell transfection was performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. The cells were treated for further experi-
ments 48 h after transfection.

In vitro invasion and migration assay

For wound healing assay, HTR-8/SVneo cells
were transfected with miR-20b mimics, miR-
20b inhibitor, miRNA negative control or si-
MMP-2 and seeded in 6-well plates. After 48 h,
when the cells reached 80% confluence,
scratch wounds were wounded with a 10 pl
pipette tip; cells were washed three times with
PBS; and wound gaps were imaged and calcu-
lated by Image J software (NIH, Bethesda, MD,
USA) at 24 h and 48 h.
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Figure 1. miR-20b was upregulated in preeclamptic placentas and peripheral blood specimens. A. Heatmap of
normalized expression levels of miRNAs in placentas samples from three patients with PE and three women with
normal pregnancies. Green indicates low expression levels; red indicates high expression levels. B. Real-time PCR
was performed to determine the expression levels of miR-20b in preeclamptic placentas (n = 15) and normal preg-
nancies (n = 15). C. Real-time PCR was performed to determine the expression levels of miR-20b in peripheral blood
specimens from patients (n = 40) with PE compared with that from women (n = 40) with normal pregnancies. P <

0.01 vs. Normal group.

For invasion assay, the invasive ability of tro-
phoblasts was evaluated using the Transwell
Matrigel invasion assay, as previously described
[16]. The number of invaded cells was calculat-
ed by counting five random views under the
microscope at 24 h and 48 h. The experiment
was performed in triplicate and repeated for
three times.

Western blot

Cell lysates were prepared using RIPA buffer.
Protein samples were subjected to SDS-
polyacrylamide gel electrophoresis and trans-
ferred onto a PVDF membrane. The membrane
was blocked with 5% nonfat milk. The mem-
brane was then incubated with anti-MMP-2
antibody (1:1500, Abcam, Shanghai, China) or
anti-B-actin antibody (Abcam, Shanghai, China),
followed by incubation with HRP-anti-rabbit
secondary antibody at room temperature for 1
h. Signals were detected using an ECL Kit
(Amersham Biosciences) according to the man-
ufacturer’s protocol.
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Luciferase assays

A cDNA fragment of the MMP-2 3’-UTR mRNA
containing the seed sequence of the miR-
20b-binding site or a mutated binding site was
cloned into the pmirGLO dual-luciferase vector
(Promega, Madison, WI, USA). The constructed
dual-luciferase vector was co-transfected with
10 pmol of miR-20b mimics, miR-20b 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) in accordance to the manu-
facturer’s instructions.

Statistical analysis

Statistical analysis was performed using
GraphPad Prism 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 ANOVA among multiple groups.
Correlation analyses were analyzed with a
Pearson analysis. A p-value of less than 0.05
was considered statistically significant.

Int J Clin Exp Pathol 2017;10(11):10901-10909
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Figure 2. miR-20b inhibits the invasion and migration of trophoblast cells. HTR-8/SVneo cells were transfected with
miR-20b mimics, miR-20b inhibitor or miRNA negative controls. A, C. Cell migration was measured at 24 h and 48
h using the wound healing assay. B, D. Cell invasion was measured at 24 h and 48 h using the transwell invasion
assay. Data represent the mean + SD of three independent experiments. **P < 0.01 compared with mimics NC or

inhibitor NC.

Results

miR-20b is up-regulated in preeclamptic pla-
centae

To determine the potential involvement of miR-
NAs in the pathogenesis of PE, we performed a
miRNA microarray on placentas samples from
three PE patients and three women with normal
pregnancies. Our data revealed that compared
with the normal group, 22 miRNAs were upreg-
ulated and 30 miRNAs were downregulated in
the PE group (Figure 1A). Among the aberrantly
expressed miRNAs, miR-20b was one of the
miRNAs being most significantly upregulated.
In a previous study, miR-20b has been also
found to be upregulated in PE placenta sam-
ples relative to normal placenta samples [17].
Moreover, miR-20b has been shown to inhibit
tumor cell invasion in several types of human
cancers [18-20]. Therefore, we chose miR-20b
for further research.

To validate the expression trend of miR-20b
obtained from miRNA microarray assay, quanti-
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tative real-time RT-PCR (gRT-PCR) was used to
detect miR-20b in placentas and peripheral
blood specimens. As shown in Figure 1B, miR-
20b level was significantly higher in placentas
from fifteen patients with PE than in that from
fifteen women with normal pregnancies. We
also observed that miR-20b was markedly
upregulated in peripheral blood specimens
from 40 patients with PE compared with that
from 40 women with normal pregnancies
(Figure 1C). Collectively, these results provided
sufficient evidence that miR-20b was promi-
nently up-regulated in PE, suggesting that miR-
20b may as an effective biomarker for the prog-
nosis of patients with PE.

miR-20b inhibited the invasion and migration
of trophoblast cells

Since limited invasion of trophoblast cells is
essential for PE development, we assess the
role of miR-20b on the invasion and migration
of trophoblast cells. The HTR8/SVneo cells, a
first-trimester human extravillous trophoblasts
(EVTs)-derived cell line, were transfected with

Int J Clin Exp Pathol 2017;10(11):10901-10909
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Figure 3. MMP-2 is a direct target of miR-20b. A. The putative binding site of miR-20b and MMP-2 is shown. B.
Luciferase assay of HEK293 cells co-transfected with firefly luciferase constructs containing the MMP-2 wild-type
or mutated 3’-UTRs and miR-20b mimics, mimics NC, miR-20b inhibitor or inhibitor NC, as indicated (n = 3). C. The
expressions of MMP-2 protein after transfection with miR-20b mimic or miR-20b inhibitor were measured by West-
ern Blot. Data represent the mean + SD of three independent experiments. **P < 0.01 vs. mimics NC, ##P < 0.01

vs. inhibitor NC.

miR-20b mimics or miR-20b inhibitor and the
corresponding scramble control, then the inva-
sion and migration were measured by wound
healing assay and transwell invasion assay at
24 and 48 h. The results of wound healing
assay showed that wound closure of HTR8/
SVneo cells with miR-20b mimics was slower
than that in mimics NC group (Figure 2A) and
the results of transwell invasion assay showed
that numbers of invaded cells were obviously
attenuated in the miR-20b mimics group com-
pared with mimics NC group (Figure 2B). In con-
trast, the wound closure of HTR8/SVneo cells
and numbers of invaded cells were significantly
enhanced in miR-20b inhibitor group compared
with inhibitor NC group (Figure 2C, 2D). These
data indicated that miR-20b could inhibit inva-
sion and migration of trophoblast cells and
upregulation of miR-20b may be involved in the
pathogenesis of PE.

MMP-2 was a direct target of miR-20b

To further elucidate the underlying molecular
mechanisms by which miR-20b functions in
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HTR8/SVneo cells, we used the bio-informatic
tools to search for the potential targets. To our
interest, MMP-2, which has been found to play
an important role in the migration and invasion
of trophoblast cells [21], could bind to miR-20b,
suggesting a potential interaction between
miR-20b and MMP-2 (Figure 3A). Thus, MMP-2
was selected for further investigation. To exper-
imentally validate whether MMP-2 was a direct
target of miR-20b, a dual-luciferase reporter
assay was conducted. The results showed
that overexpression of miR-20b significantly
decreased the luciferase activity of wt-MMP-
2-3’'UTR, whereas knockdown of miR-20b
increased luciferase activity. Likewise, cells co-
transfected with miR-20b mimics, miR-20b
inhibitor, and MMP-2-mut-3’'UTR, showed no
obvious change in their luciferase activity
(Figure 3B). In addition, we explored whether
miR-29b could modulate the expression of
MMP-2. As shown in Figure 3C, the protein lev-
els of MMP-2 was decreased after overexpres-
sion of miR-20b, whereas it increased after
inhibition of mMiR-20b. Thus, miR-20b could

Int J Clin Exp Pathol 2017;10(11):10901-10909
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Figure 4. miR-20b negatively regulated the expression of MMP-2. A. The
mMRNA expression of MMP-2 was measured using qRT-PCR in placentas sam-
ples from fifteen patients with PE and fifteen women with normal pregnancies.
Data represent the mean * SD of three independent experiments. P < 0.01
vs. Normal group. B. The correlation between miR-20b and MMP-2 in placen-
tas was determined by Pearson’s correlation coefficient (r: -0.8920, P < 0.01).

negatively regulate MMP-2 expression in HTR8/
SVneo cells.

MiR-20b expression correlated inversely with
MMP-2 mRNA level in PE

To further elucidate the relationship between
miR-20b and MMP-2 in PE, we detected the
MMP-2 expression in 15 paired placentas from
patients with PE and women with normal preg-
nancies using qRT-PCR. As shown in Figure 4A,
the expression of MMP-2 in PE group was down-
regulated when compared with normal group.
More importantly, the expression levels of
MMP-2 in placentas inversely correlated with
the miR-20b levels (Pearson r: -0.8920, P <
0.01, Figure 4B). These data suggested that
miR-20b negatively regulated MMP-2 expres-
sion and their inversely correlation could be
determined in clinical samples.

MMP-2 was involved in miR-20b-mediated
suppression of trophoblast cells migration and
invasion

Since MMP-2 is frequently down-regulated in
PE and correlated with increased miR-20b
expression, we sought to determine whether
MMP-2 participated in miR-20b mediated sup-
pressed invasion effects. To further address
this issue, we used siRNA to knockdown the
expression of MMP-2 after miR-20b inhibitor
transfection. Wound healing and transwell
assays indicated that the inhibition of MMP-2
significantly reduced the trophoblast cells
migration and invasion that could be enhanced
by miR-20b inhibitor (Figure 5A, 5B). Further-
more, to assessed that whether MMP2 overex-
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2

4 6 8 MMP-2 significantly attenu-
ated the inhibitory effects of
miR-20b mimics on the tro-
phoblast cells migration and
invasion. These data provid-
ed evidences that miR-20b
suppressed cell invasion and
migration through targeting
MMP-2.

Discussion

In the present study, we investigated the
expression and the function of miR-20b in the
development of PE. Our data showed that miR-
20b expression was elevated in preeclamptic
placentas and peripheral blood specimens.
Moreover, we found that miR-20b inhibited the
invasion and migration of trophoblast cells by
decreasing MMP-2 expression. Our findings
suggest that miR-20b is a novel miRNA that is
involved in PE development.

A large body of evidence suggests that the
expression of miRNAs is deregulated in pre-
eclamptic placentas and the alternation of miR-
NAs plays an important role in the development
and progression of PE [14, 22, 23]. For exam-
ple, miR-141 was found to be upregulated in
preeclamptic placentaes [24]. Furthermore,
reports have shown that circulating miRNAs are
promising novel biomarkers for PE. For exam-
ple, Wu et al. showed that miR-181a was
increased in plasma from severe preeclamptic
pregnancies compared with plasma from nor-
mal pregnancies [25]. In this study, we identi-
fied the miRNA expression profile in preeclamp-
tic placentas and normal placentas, and
miR-20b was found significantly up-regulated in
preeclamptic placentas and peripheral blood
specimens. Our data imply miR-20b may serve
as a serum biomarker for PE.

MiR-20b is a member of miR-17 microRNA pre-
cursor family which includes miR-20a/b, miR-
93, and miR-106a/b [26]. Recently, a study
from Wang et al. showed that miR-20b is mark-

Int J Clin Exp Pathol 2017;10(11):10901-10909
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pcDNA-MMP-2 or miR-20b mimics. Data represent the mean + SD of three
independent experiments. **P < 0.01 vs. control group, ##P < 0.01 vs. miR-

20b inhibitor or miR-20b mimics.

edly upregulated in preeclamptic placentas,
suggesting that miR-20b may involve in PE
pathologic process [17]. However, so far, the
role for miR-20b in trophoblastic invasion had
not been reported. Interestingly, several stud-
ies have also been reported miR-20b plays
important roles in the regulation of cell migra-
tion and invasion in many types of cancer cells,
such as bladder cancer [27] and osteosarcoma
[28]. Therefore, we investigate whether miR-
20b mediated the invasion of trophoblast-like
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29b [33]. However, whether
MMP2 is implicated in miR-
20b-mediated trophoblastic
invasion remains unknown.
In our study, using bioinfor-
matics analysis and lucifer-
ase reporter assays, MMP-2
was proved to be a direct tar-
get of miR-20b and an inve-
rsely correlation was obser-
ved in preeclamptic placen-
tas, suggesting that miR-20b
could negatively regulate MMP-2 expression in
PE. In addition, our results also showed that
inhibition of MMP-2 by siRNA could reverse the
promoting effect of miR-20b knockdown on the
invasion of trophoblast cells. Likewise, we also
observed that overexpression of MMP-2 could
attenuated the inhibitory effects of miR-20b
overexpression on the invasion of trophoblast
cells. These data indicate that miR-20b sup-
pressed the trophoblastic invasion at least
partly by targeting MMP-2.

Int J Clin Exp Pathol 2017;10(11):10901-10909
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In conclusion, we demonstrated that miR-20b
is highly expressed in preeclamptic placentas
and peripheral blood specimens. Furthermore,
our study provides enough evidence that upreg-
ulation of miR-20b may contribute to PE by
inhibiting the invasion of trophoblast cells via
directly targeting MMP-2. Therefore, miR-20b/
MMP-2 axis may be developed to be potential
clinical predictive and therapeutic targets for
PE.
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