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MicroRNA-34a inhibits human trophoblast
cell invasion by targeting MYC
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Abstract

Background: Preeclampsia, one of the major disorders of pregnancy, is characterized by inadequate trophoblast
invasion and defective trophoblast-mediated remodeling of placental vasculature. MicroRNA-34a (miR-34a) has
been found to be aberrantly expressed in the placentas of preeclamptic patients, yet its role in placental
development and in the pathogenesis of preeclampsia remains elusive.

Results: The levels of miR-34a in the placentas of 20 preeclamptic patients and 20 healthy subjects were
determined by real time-PCR, and miR-34a was found significantly elevated in the preeclamptic placentas. Further,
the function of miR-34a in trophoblast cells was investigated by overexpressing miR-34a in JEG-3 trophoblast cell
line. Overexpression of miR-34a in JEG-3 cells inhibited cell proliferation, migration and invasion. In addition,
elevated expression of miR-34a reduced the expression of both endogenous and ectopic MYC. Moreover, we
identified that MYC mRNA was a direct target of miR-34a in JEG-3 cells by dual luciferase reporter assay, and found
that downregulation of MYC expression by miR-34a targeting significantly reduced the invasiveness of JEG-3 cells.

Conclusions: Our findings provide preliminary evidence for the diverse functions of miR-34a in trophoblast biology,
and suggest that miR-34a suppresses trophoblast invasion by directly targeting MYC.
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Background
Preeclampsia is one of the most frequently encountered
medical complication of pregnancy and affects 3-5 % of
pregnant women worldwide [1]. Preeclampsia is typically
characterized by new-onset hypertension, proteinuria and
other systemic disturbances in the second half of preg-
nancy, during labor, or in the early period after delivery
[2], and it confers adverse pregnancy outcomes as well as
maternal and fetal morbidity. The etiology of preeclampsia
is not fully understood at present. Although enormous
efforts has been invested in the recent decades in finding
reliable biomarkers for early detection and management
of preeclampsia, the results are disappointing due to a low
detection rate or detection at later gestational ages [3].
Hence, understanding the molecular mechanisms under-
lying the pathogenesis of preeclampsia and searching for
reliable early biomarkers are still the primary tasks for
preeclampsia diagnosis and therapy.
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Delivery of the placenta is the only known cure for pre-
eclampsia, implying that placenta is the principle con-
tributor to the pathogenesis of preeclampsia. During early
normal placental development, extravillous trophoblasts
of fetal origin invade the uterine spiral arteries of the
deciduas and myometrium, and remodel the placental vas-
culature in order to allow sufficient placental perfusion to
nourish the fetus. However, inadequate placental tropho-
blast invasion has been well documented in preeclampsia
and it is generally believed to be the main cause for pla-
cental underperfusion and the development of preeclamp-
sia [4, 1]. The molecular regulatory networks underlying
trophoblast invasion have not been well defined. A num-
ber of genes that are associated with the invasiveness of
carcinoma cells, such as matrix metalloproteinases and
FOS transcription factors, have been demonstrated to play
a role in trophoblast invasion in vitro [5, 6], yet a lot more
remain to be explored.
MicroRNAs (miRNAs) are a class of endogenous small

non-coding RNAs of about 22 nucleotides in size, and
play pivotal roles in the post-transcriptional regulation of
a variety of physiological activities by targeting messenger
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RNAs (mRNAs) for cleavage or translational repression
[7]. miRNAs are transcribed by RNA polymerase II in the
form of capped and polyadenylated primary transcripts
(pri-miRNAs) which are cleaved by the Drosha ribonucle-
ase III enzyme to produce approximately 70-nucleotide
stem-loop precursor miRNAs (pre-miRNAs). Pre-miRNAs
are further cleaved by cytoplasmic Dicer ribonuclease to
generate mature miRNA and antisense miRNA products,
and the mature miRNAs are incorporated into the RNA-
induced silencing complexes that recognize the target
mRNAs and interfere with their stability or translation [8].
Aberrant miRNA expression has been reported to be
closely associated with multiple diseased conditions in
human, including cancer [9], inflammation [10] and cardio-
vascular diseases [11]. Recently, miRNAs expression pro-
files in human placentas have been characterized, and the
dynamically expressed miRNAs during pregnancy are
thought to influence different aspects of trophoblast biology
such as proliferation, syncytialization and invasion [12–14],
whereas deregulated expression of miRNAs in trophoblast
cells may lead to placental malfunction or placenta-related
diseases such as preeclampsia [15, 16].
MiR-34a has been extensively studied in cancer in the

aspects of tumor growth, invasion and metastasis [17, 18],
yet little is known about the roles of miR-34a in tropho-
blast biology. Recently, Doridot and colleagues reported
that pri-miRNA-34a was overexpressed, yet mature miR-34a
was decreased, in the preeclamptic placentas [19]. Following
the paradoxical findings, we first examined the levels of
miR-34a in 20 preeclamptic placentas in comparison with
20 healthy placentas, and found that mature miR-34a was
elevated in the preeclamptic placentas. Further, we investi-
gated the functions of miR-34a in trophoblast proliferation,
migration and invasion by overexpressing miR-34a in JEG-3
trophoblast cell line. In addition, we identified that MYC
mRNA was a target of miR-34a in JEG-3 cells, and revealed
that suppressing of MYC expression by miR-34a signifi-
cantly inhibited JEG-3 invasion. These results suggest that
miR-34a-mediated suppression of MYC expression may
play a critical role in the regulation of trophoblast invasion
Table 1 Clinical characteristics of study subjects

Variables Control (n = 20)

Maternal age (years) 28.9 ± 2.5

Gestational age (weeks) 39 ± 2.6

Systolic blood pressure (mm Hg) 118.9 ± 8.5

Diastolic blood pressure (mm Hg) 75.6 ± 8.2

Birth weight (g) 3554 ± 436

Mild proteinuria/Severe proteinuriaa 15 %b/0
aMild proteinuria: 0.2-1 g/L protein in a random urine test; severe proteinuria: >1 g/
b3 control subjects with mild proteinuria were not diagnosed to be PE because the
normal range
and that excessive silencing may contribute to the patho-
genesis of preeclampsia.

Results
Elevated level of miR-34a in preeclamptic placentas
Twenty preeclamptic patients and 20 healthy control
subjects were recruited in this study, and their clinical
characteristics are summarized in Table 1. Compared to
the healthy group, the preeclamptic patients exhibited
elevated systolic and diastolic blood pressures and pro-
teinuria, whereas the birth weight of the preeclampsia
group was significantly lower. After delivery, the chorionic
villi were isolated from the placentas, and the levels of
miR-34a in the tissues were determined by real-time PCR
using U6 as the internal control. As shown in Fig. 1, the
levels of miR-34a in the preeclamptic placentas were
significantly higher compared to the healthy placentas,
implying that elevated of miR-34a may be involved in the
pathogenesis of preeclampsia.
Overexpression of miR-34a inhibited proliferation,
migration and invasion of JEG-3 cells
Human trophoblast cell line JEG-3 was transfected with
miR-34a or non-targeting control (NC) expression vec-
tors, and the level of miR-34a was remarkably elevated in
the miR-34a-overexpressing cells compared with parental
JEG-3 cells, whereas NC showed no effects on miR-34a ex-
pression (Fig. 2a). Overexpression of miR-34a in JEG-3
cells significantly reduced cell proliferation rate as
assessed by MTT assay (Fig. 2b). Moreover, in vitro
scratch assay revealed that elevated level of miR-34a
slowed the migration rate of JEG-3 cells (Fig. 2c), and
Matrigel-based invasion assay showed that the invasive-
ness of JEG-3 cells were prominently attenuated upon
miR-34a overexpression (Fig. 2d). Taken together, these
results indicated that overexpression of miR-34a signifi-
cantly suppressed cell proliferation, migration and inva-
siveness of JEG-3 cells, suggesting that miR-34a may
play critical roles in multiple aspects of trophoblast
physiology.
Preeclampsia (n = 20) P-values

29 ± 3.7 0.921

38 ± 1.8 0.179

151.4 ± 12.5 <0.001

94.7 ± 11.7 <0.001

3135 ± 723 0.032

25 %/75 %

L protein in a random urine test
ir systolic blood pressure and diastolic blood pressure were within the



Fig. 1 Expression of miR-34a in preeclamptic placentas and healthy
placentas. Placentas of preeclamptic patients and healthy subjects
were collected after delivery (n = 20 each). MiR-34a expression levels
in the placental chorionic villi were determined by real-time PCR
using U6 as the internal reference. ***p < 0.001
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MiR-34a inhibited invasiveness of JEG-3 cells by
targeting MYC
We further investigated the underlying molecular mech-
anism for the inhibitory role of miR-34a in the invasive-
ness of JEG-3 cells. MYC is a well known oncogene and
plays an important role in cancer cell migration and inva-
sion [20]. However, whether MYC protein also plays a part
in the invasion of trophoblast cells is unknown. By enhan-
cing or silencing the expression of MYC in JEG-3 cells, we
found that the invasiveness of JEG-3 cells was associated
with the expression level of MYC (Fig. 3), indicating that
MYC also plays an important role in regulating the inva-
sion of JEG-3 cells. We then tested our hypothesis that
miR-34a regulates the invasion of JEG-3 cell via targeting
MYC mRNA. Western blot analysis showed that overex-
pression of miR-34a in JEG-3 cells downregulated the
expression of endogenous MYC protein (Fig. 4a). JEG-3
cells were further co-transfected with MYC and miR-34a
expression vectors, using the corresponding empty vectors
pcDNA3.1 and p-EGFP as the controls. As shown in
Fig. 4b, the level of MYC protein was markedly elevated in
the cells transfected with MYC expression vector, and the
level was significantly reduced by co-expression of miR-
34a, suggesting that miR-34a regulates the expression
MYC in JEG-3 cells. Furthermore, direct binding of miR-
34a on the 3’-untranslated region (UTR) of MYC mRNA
was assessed by dual luciferase reporter assay. MYC 3’-
UTR sequence containing the putative miR-34a binding
site was PCR-amplified and cloned into a firefly luciferase
reporter vector pmirGLO. In JEG-3 cells, the firefly
vectors with and without insertion of MYC 3’-URT were
co-transfected with miR-34a expression vector, mutant
miR-34a (miR-34a_mut) expression vector or p-EGFP
empty vector. At 48 h after transfection, luciferase activity
was significantly reduced in the MYC reporter cells
overexpressing miR-34a, whereas mutation in miR-34a
abolished the translational inhibition (Fig. 4c). Hence, the
luciferase assay demonstrated that miR-34a bound dir-
ectly and specifically to MYC 3’-URT and repressed the
translation of MYC in JEG-3 cells. We further assessed
the effect of miR-34a-mediated downregulation of MYC
on the invasiveness of trophoblast cells. Matrigel-based
invasion assay showed that overexpression of MYC pro-
tein enhanced the invasiveness of JEG-3 cells, and such
MYC-enhanced invasion was significantly suppressed
by co-expression of miR-34a (Fig. 4d, e). In summary,
the above results suggest that MYC promotes tropho-
blast invasion, while miR-34a inhibits trophoblast inva-
sion by downregulating MYC expression via direct
targeting on MYC transcripts.

Discussion
Trophoblast cells are a heterogeneous group of cells
forming the fetal-maternal interface and exhibiting a
wide spectrum of functions. First trimester and term
trophoblast cells display different miRNA fingerprints,
implying that dynamic expression of miRNAs may play
critical roles in the regulation of differential behaviors of
trophoblast cells at various stages during placentation
[12], whereas deregulated miRNAs during this physio-
logical process can lead to placental malfunction and
related diseases such as preeclampsia [16, 15]. Doridot
et al. reported that pri-miR-34a was overexpressed in
the preeclamptic placentas but the mature miR-34a level
was decreased [19]. In this study, we first examined the
level of mature miR-34a in preeclamptic placentas, and
found that the mature miR-34a was indeed elevated in
the preeclamptic placentas, which is consistent with the
pattern of pri-miR-34a in Doridot’s work. Doridot et al.
extended the miRNAs by the non-specific poly-
adenylation method before real-time PCR analysis, and
here, we used a stemloop primer-based method, which
has been demonstrated to be more efficient and specific
[21]. Hence, we believe that the contradictory results of
pir-miR-34a and mature miR-34a in Doridot’s work may
be attributed to the technical flaw in miRNA extension.
The role of miR-34a in placental development and in

the pathophysiology of preeclampsia is unclear. In the
present study, using JEG-3 trophoblast cell line as the
model, we demonstrated that overexpression of miR-34a
inhibited cell proliferation, migration and invasion, sug-
gesting that miR-34a plays important roles in many as-
pects of trophoblast biology. Further investigation on
the molecular target of miR-34a revealed that miR-34a
directly bound to the 3’-UTR of MYC transcripts and
suppressed MYC expression. Moreover, the invasiveness
of JEG-3 cells were largely dependent on the level of
MYC protein, which was regulated by miR-34a, suggest-
ing that targeting MYC by miR-34a may play a critical



Fig. 2 Overexpression of miR-34a inhibited proliferation, migration and invasion of JEG-3 cells. MiR-34a and non-targeting control (NC) sequence
were transfected into JEG-3 cells. a The level of mature miR-34a was determined by real-time PCR analysis 24 h after transfection. b At 24 h after
transfection, the cells were subjected to MTT assay to assess cell proliferation with 5 replicates for each time point. c Cell migration was measured
by scratch wound assay. The cells were photographed at 100× magnification at 0 h and 24 h post-scratching, and the scale bars indicate 100 μm.
d At 24 h after transfection, the cells were set up for in vitro Matrigel-based invasion assay to assess cell invasiveness. Following 24 h incubation,
the invading cells on the bottom surface of the Transwell membrane were fixed, stained and photographed at 200× magnification (100 μm
scales), and the average number of invading cells of 5 randomly selected fields from each sample were calculated. Each experiment was performed at
least three times. The figure shows the representative images from repeated experiments and the values are expressed as the mean ± standard
deviation. Compared with parental JEG-3 cells, *p < 0.05; **p < 0.01; ***p < 0.001
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role in the regulation of trophoblast invasion, and that
excessive suppression of MYC translation by miR-34a
may result in inadequate trophoblast invasion and the
development of preeclampsia.
Inadequate trophoblast invasion is so far recognized as a

major pathological factor for preeclampsia [1, 4]. Exten-
sive work has been conducted to address the molecular
mechanisms underlying the impaired trophoblast inva-
sion, and a number of cancer-related molecules have been
identified to play a role in trophoblast invasion [6, 5, 22].
Because of the inherently invasive nature, trophoblast cells
are often compared with highly invasive carcinoma cells,
and in many cases, both exhibit similar gene expression
signatures that regulate cell invasion. Our study demon-
strated that the levels of miR-34a and MYC, which have
been shown to regulate tumor cell invasion and metastasis
[20, 23], significantly affected the invasive capacity of
JEG-3 cells. These observations are consistent with their
functions in cancer. Although the functions of miR-34a or
MYC in placental development have been rarely reported,
numerous studies on miR-34a and MYC have been done
in cancer. MiR-34a was reported to directly target MYC
mRNA in lymphoma and interfere with p53-dependent
apoptotic pathway [24]. In addition, miR-34a can indir-
ectly regulate MYC expression through Wnt signaling
pathway in glioma [25]. Here, we demonstrated that miR-
34a could directly targeted MYC mRNA and modulate its
expression in trophoblast cells, thereby regulating the in-
vasiveness of the cells. Interestingly, previous studies have
shown that the transcription of MIR34A is repressed by
MYC protein via binding in the vicinity of the MIR34A
gene promoter [26], suggesting that a regulatory feedback
loop may exist between miR-34a and MYC, and disrup-
tion of the balance between these two molecules can



Fig. 3 MYC regulates the invasion of JEG-3 cells. JEG-3 cells were transfected with MYC overexpression construct, MYC siRNA, or the corresponding
empty vectors. 48 h later, the levels of a MYC mRNA and b MYC protein in the cells were analyzed by real-time PCR and Western blot analysis
respectively, using β-actin as the internal control. c Matrigel-based Transwell invasion assay was set up 24 h after transfection, and the number of
invading cells was counted 24 h later at 200× magnification (scale bars = 100 μm). This figure shows the representative images from three independent
experiments, and the values are expressed as the mean ± standard deviation. *p< 0.05; **p< 0.01; ***p< 0.001
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result in cell dysfunction, and in this case, impaired
trophoblast invasion.
Although JEG-3 is widely used in the studies on tropho-

blast biology, researchers should bear in mind that JEG-3
is derived from choriocarcinoma, thus it inherits typical
properties of tumor cells, such as accelerated proliferation
and enhanced invasiveness. Hence, the functions of miR-
34a in trophoblasts should be verified in primary tropho-
blast cells. In our preliminary experiments, we indeed
observed that overexpression of miR-34a suppressed pro-
liferation and invasiveness of placental cells from crude
collegenase digestion of chorionic villi (data not shown).
In future studies, the role of miR-34a in trophoblast prolif-
eration should be assessed in primary villous trophoblasts,
while its role in trophoblast invasion should be done using
primary extra villous trophoblasts, wherein high purity of
the isolated cells is the key.
Preeclampsia may cause maternal and fetal morbidity

and mortality, and requires close medical monitoring. In
the recent decades, numerous effects have been invested
to find an efficient approach for the early detection of
preeclampsia. Serum levels of the soluble proteins that are
involved in placental angiogenesis, such as vascular endo-
thelial growth factor receptor-1, placental growth factor
and endoglin, have been proposed as potential markers,
but the results are unsatisfactory [3]. Recently, studies
have shown that fetal cell-free nucleic acids can enter
maternal circulation and may reflect the pathological con-
ditions in placental diseases like preeclampsia [27]. Hence,
it is intriguing and clinically significant to know whether
the level of miR-34a in the maternal plasma circulation
could serve as a potential biomarker for preeclampsia,
which is to be addressed in future studies.
Conclusions
In this study, we reported elevated levels of miR-34a in
the preeclamptic placentas and demonstrated that miR-
34a can suppress proliferation, migration and invasion of
JEG-3 trophoblast cells. Moreover, miR-34a may regulate
trophoblast invasion by targeting MYC. Our findings
suggest that miR-34a plays a critical role in trophoblast
biology and it may be also involved in the pathophysiology
of preeclampsia.

Methods
Tissue collection
Ethnic approval for the collection and experimentation of
human placental tissues was obtained from the Clinical
Research Ethics Committee of China Medical University,
and all procedures in this study were carried out in strict
accordance with the approved protocol. Written informed
consents were obtained from all participants. Preeclamptic
placentas and healthy placentas (n = 20 each) were ob-
tained after delivery from preeclamptic patients and
healthy subjects who were recruited at The First Affiliated
Hospital of China Medical University. Fragments from the
placental subchorial zone were dissected. Maternal mem-
branes were eliminated, and floating villi were washed in
PBS (pH 7.2) and subjected to RNA extraction.

Real-time PCR
Total RNA was extracted with the RNAsimple Total RNA
Extraction Kit (TIANGEN Biotech, Beijing, China) follow-
ing the manufacturer’s protocol. Reverse transcription of
mature miR-34a was conducted using a stemloop primer-
based method as previously described [21]. Quantitative
real-time PCR was performed using SYBR GREEN PCR



Fig. 4 MiR-34a suppresses trophoblast invasion by targeting MYC mRNA. a Western blot was performed to assess the protein levels of MYC in
non-transfected JEG-3 cells and in JEG-3 cells that were transfected with p-EGFP-miR-34a (miR-34a) or p-EGFP empty vector. β-actin was used as an
internal control for grayscale analysis. Compared with the non-transfected cells, ***p < 0.001. b JEG-3 cells were co-transfected with pcDNA3.1-MYC
(MYC) (or pcDNA3.1 vector) and p-EGFP-miR-34a (or p-EGFP vector), and the protein levels of MYC were examined by Western blot analysis 48 h after
transfection. β-actin was used as an internal control, and grayscale analysis shows the mean ± standard deviation of three independent experiments
(### p < 0.001). c MYC 3’-UTR was cloned into the firefly (FL) pmirGLO luciferase reporter vector. pmirGLO-MYC 3’-UTR (or pmirGLO vector) was
co-transfected with p-EGFP vector, p-EGFP-miR-34a (miR-34a) or p-EGFP-miR-34a mutant (miR-34a_mut) into JEG-3 cells. Renilla (RL) luciferase reporter
vector was also co-transfected as the internal reference. The luciferase activity (FL/RL) indicates the silencing effect resulting from the binding of
miR-34a or miR-34a_mut to MYC 3’-UTR (# p < 0.05). d, e JEG-3 cells were co-transfected with MYC and miR-34a using the corresponding empty
vectors as control, and the transfected cells were subjected to Matrigel-based invasion assay. The photographs of the invading cells were taken at
200× magnification, and the scales are 100 μm. The figure shows the representative images from three independent experiments and the values are
expressed as the mean ± standard deviation. ## p < 0.01
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Master Mix (Solarbio, Beijing, China), and fluorescence
amplification was detected by an Exicycler 96 Real-Time
Quantitative Thermal Block (Bioneer, Daejeon, Korea). The
PCR primers for miR-34a were designed as one strand
complementary to miR-34a (5′-GGCGATGGCAGTGTC
TTAGC-3′) and the other strand to the stemloop RT pri-
mer (5′-GTGCAGGGTCCGAGGTATTC-3′); U6 was
used as the internal control for miRNAs with the following
primers: U6 forward, 5′-CTCGCTTCGGCAGCACA-3′,
and U6 reverse, 5′-AACGCTTCACGAATTTGCGT-3′.
The PCR primers for MYC mRNA were: MYC forward, 5′-
CAGCGACTCTGAGGAGGAACA-3′, and MYC reverse,
5′-GCTGCGTAGTTGTGCTGATGTG-3′. ACTB mRNA
(encoding β-actin) was used as the internal control for
mRNAs, and the primers were: ACTB forward, 5′-
CTTAGTTGCGTTACACCCTTTCTTG-3′, and ACTB
reverse, 5′-CTGTCACCTTCACCGTTCCAGTTT-3′.
Cell culture
JEG-3 trophoblast cell line which was initially derived
from metastatic lesions of choriocarcinoma was purchased
from the Cell Bank of Chinese Academy of Sciences
(Shanghai, China). JEG-3 cells were cultured in DMEM
(Gibco, Carlsbad, CA, USA) supplemented with 10 % FBS
(FBS, Hyclone, Logan, UT, USA) at 37 °C in an atmos-
phere of 5 % CO2 for no more than 20 successive
passages.

Vector construction and Transfection
MiR-34a expression construct was established by PCR
amplification of pri-miR-34a from JEG-3 genomic DNA
with the following primer set: forward 5′-AATGGATCCT
AGTTGCCTGGGCTGGTCTT-3′ (with BamHI restric-
tion site) and reverse 5′- GTCGAATTCCGCTTCATCT
TCCCTCTTGG-3′ (with EcoRI restriction site). The
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PCR-amplified fragments were then inserted into p-
EGFP-N1 vectors (TaKaRa Clontech, Otsu, Japan) to
make p-EGFP-miR-34a. The coding sequence of MYC
was amplified by PCR from JEG-3 cDNA library with the
primers as follows: forward 5′-AGTGGATCCTCGCTG
GATTTTTTTCGGGTAG-3′ (with BamHI restriction
site); reverse 5′-TCCGAATTCCCTTACGCACAAGAG
TTCCG-3′ (with EcoRI restriction site). PCR-amplified
MYC-coding sequences were cloned into pcDNA3.1 vec-
tors (TaKaRa Clontech) to generate pcDNA3.1-MYC. The
oligonucleotides containing a short interfering RNA
(siRNA) targeting MYC mRNA, (5′-GATCCCCGAGGGT
CAAGTTGGACAGTTTCAAGAGAACTGTCCAACTTG
ACCCTCTTTTT-3′, sense strand, with BamHI/HindIII
restriction sites), or a non-targeting control (NC) sequence
(5′-GATCCCCTTCTCCGAACGTGTCACGTTTCAAGA
GAACGTGACACGTTCGGAGAATTTTT-3′, sense strand,
with BamHI/HindIII restriction sites) were cloned into the
pRNA-H1.1/Neo siRNA expression vector (GenScript,
Piscataway, NJ, USA), and the constructs were named
MYC siRNA and NC respectively.
For the single-transfection experiments, JEG-3 cells

were transfected with the indicated vectors using lipofec-
tamin 2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instructions. The cells were starved in
serum-free medium for 1 h prior to transfection and the
medium was replaced with fresh culture medium contain-
ing 10 % FBS 6 h after transfection. For the double-
transfection experiments, p-EGFP or miR-34a were
transfected into JEG-3 cells 12 h after the transfection
with pcDNA3.1 or MYC in the same method as single-
transfection.

Cell proliferation/MTT assay
Cell proliferation was assessed by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. JEG-
3 cells were seeded at a density of 2 × 103 cells/well in a
96-well plate and allowed to adhere before transfection.
At 24 h after transfection, the medium was changed to
fresh culture medium (0 h) and MTT (Sigma-Aldrich)
was added to the medium at 24 h, 48 h and 72 h to a final
concentration of 0.2 mg/ml, followed by 4 h incubation at
37 °C. Thereafter, the supernatant was carefully aspirated,
and 200 μL DMSO (Sigma-Aldrich) was added to each
well. The crystals were fully dissolved by vigorous shaking
for 15 min at 37 °C in the dark. Optical density (OD)
values at 490 nm were measured with the microplate
reader ELX-800 (BioTek, Winooski, VT, USA), and the
growth curves were plotted with the mean values of 5
replicates.

Scratch wound assay
Scratch wound assay is a well-developed method to meas-
ure cell migration in vitro [28]. At 24 h post-transfection,
a confluent monolayer of JEG-3 cells were incubated with
5 μM mitomycin-C (Sigma-aldrich) for 2 h to inhibit cell
proliferation. The cells were washed, and a scratch to the
cell monolayer was evenly created by horizontally drag-
ging a 200 μl pipette tip across the surface of the mono-
layer. The cells were washed twice with serum-free
medium to remove detached cells, and cultured with
serum-free medium for 24 h at 37 °C in a humidified
environment consisting of 5 % CO2. Cells were photo-
graphed under an inverted microscope at 0 h and 24 h
post-scratching, and the percentage of wound closure was
calculated as (original gap distance - gap distance at 24 h)/
original gap distance × 100 %.

Transwell assay
Transwell assay was performed to assess cell invasion
in vitro 24 h after transfection. JEG-3 cells were pre-
treated with 5 μM mitomycin-C for 2 h to inhibit prolifer-
ation. For each Transwell assay, 5 × 104 cells resuspended
in 200 μl serum-free medium were plated in the upper
chamber of Transwell apparatus (Corning, New York,
USA) that was pre-coated with phenol red-free Matrigel
(BD Biosciences, San Jose, CA, USA), and the Transwell
chambers were placed in 24-well plates with 800 μl
culture medium (containing 20 % FBS) in each well. Cells
were cultured for 24 h at 37 °C. Thereafter, the cells and
Matrigel on the top surface of the Transwell microporous
membrane were wiped off with a cotton swab. The cells
on the bottom of the membrane were fixed with parafor-
maldehyde and stained with hematoxylin (Solarbio).
Under a 200× inverted microscope, five random fields on
each membrane were selected, and the average numbers
of invading cells were determined.

Western blotting
JEG-3 cells were transfected with the indicated vector(s)
in the method described above. At 48 h post-transfection,
protein levels of MYC in the transfected cells were deter-
mined by Western blot analysis. Cells were lysed with NP-
40 lysis buffer (Beyotime, Beijing, China), and total
proteins were extracted following the standard protocol. A
total of 40 μg proteins from each sample were separated
by SDS-PAGE and transferred to a PVDF membrane
(Millipore, Bedford, MA, USA). The membrane was
blocked with 5 % non-fat milk solution, and incubated
with rabbit anti-human MYC primary antibody (1:1000;
Santa Cruz, Dallas, TX, USA) overnight at 4 °C. Subse-
quently, the membrane was incubated with horseradish
peroxidase (HRP)-labeled goat anti-rabbit IgG secondary
antibody (1:5000; Beyotime) at room temperature for
45 min, followed by signal detection with the ECL solution
(7SeaPharmTech, Shanghai, China). To verify equal load-
ing and transfer, the membrane was stripped with the
stripping buffer (Beyotime) and re-probed with anti-β-
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actin antibody (Santa Cruz). Densitometric analysis of the
films was performed with Gel Pro Analyzer software using
β-actin as the internal reference.
Dual luciferase reporter assay
Direct binding of miR-34a to MYC 3’-UTR was assessed
by dual luciferase reporter assay. The 3’-UTR of MYC
mRNA that contains the putative miR-34a binding site
was PCR-amplified from JEG-3 cDNA library with the fol-
lowing primers: forward 5′-ATGCTAGCTGCTACG
GAACTCTTGTGCG-3′ (with NheI restriction site) and
reverse 5′-GGCTGTCGACCTGTGTAACTGCTATAAA
CG-3′ (with SalI restriction site), and inserted into Firefly
(FL) pmirGLO dual-luciferase miRNA target expression
vector (Promega, Waltham, MA, USA). MiR-34a mutant
was constructed by site-directed mutagenesis through
PCR amplification using p-EGFP-miR34a as the template
as well as the mutagenic primer 5′-GTTTCTTTA
CAGTCGTCTTAGCTG-3′ and its complimentary se-
quence. The PCR product was named p-EGFP-miR-
34a_mut. JEG-3 cells were transfected with either
pmirGLO-MYC-3’-UTR or pmirGLO vector, in combin-
ation with p-EGFP-miR34a, p-EGFP-miR34a_mut or p-
EGFP vector, using the method described earlier. Renilla
(RL) luciferase reporter vector (pRL-TK) (Promega) was
co-transfected as the internal reference. At 48 h post-
transfection, cell lysates were collected, and luciferase
activity was measured with the dual-luciferase reporter
assay system (Promega) according to the manufacturer’s
instructions. Binding affinity of miR-34a or miR-34a_mut
to MYC 3’-UTR was evaluated by the ratio of FL/RL
activity.

Statistical analysis
All experiments were replicated for a minimum of three
times. Data are presented as the mean ± standard devi-
ation. The levels of miR-34a in the placentas of pre-
eclamptic patients and healthy subjects were compared
with unpaired Student’s t-test. For in vitro experiments,
one way analysis of variance (ANOVA) followed by
Bonferroni post-hoc test was used to analyze differences
between multiple groups. Raw data were analyzed with
GraphPad PRISM software (version 5.0; San Diego, CA,
USA). Regardless of statistical test used, the difference was
considered statistically significant when p ≤ 0.05.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MS and TM designed the experiments. MS and HC conducted the collection
and preparation of human placental samples. MS performed cell transfection
and dual luciferase assay, HC performed PCR and Western blot analysis. MS,
JL and CT participated in MTT, scratch and Transwell assays. TM drafted the
manuscript, and all authors read and approved the final manuscript.
Acknowledgement
This study was supported by a grant from the National Natural Science
Foundation of China (No.: 81270711).

Received: 3 May 2015 Accepted: 21 August 2015
References
1. Young BC, Levine RJ, Karumanchi SA. Pathogenesis of preeclampsia. Annu

Rev Pathol. 2010;5:173–92.
2. Al-Jameil N, Aziz Khan F, Fareed Khan M, Tabassum H. A brief overview of

preeclampsia. J Clin Med Res. 2014;6(1):1–7.
3. Levine RJ, Lam C, Qian C, Yu KF, Maynard SE, Sachs BP, et al. Soluble

endoglin and other circulating antiangiogenic factors in preeclampsia. N
Engl J Med. 2006;355(10):992–1005.

4. Meekins JW, Pijnenborg R, Hanssens M, McFadyen IR, van Asshe A. A study
of placental bed spiral arteries and trophoblast invasion in normal and
severe pre-eclamptic pregnancies. Br J Obstet Gynaecol. 1994;101(8):669–74.

5. Ferretti C, Bruni L, Dangles-Marie V, Pecking AP, Bellet D. Molecular circuits
shared by placental and cancer cells, and their implications in the
proliferative, invasive and migratory capacities of trophoblasts. Hum Reprod
Update. 2007;13(2):121–41.

6. Renaud SJ, Kubota K, Rumi MA, Soares MJ. The FOS transcription factor
family differentially controls trophoblast migration and invasion. J Biol
Chem. 2014;289(8):5025–39.

7. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell.
2004;116(2):281–97.

8. Li Z, Rana TM. Molecular mechanisms of RNA-triggered gene silencing
machineries. Acc Chem Res. 2012;45(7):1122–31.

9. Farazi TA, Spitzer JI, Morozov P, Tuschl T. miRNAs in human cancer. J Pathol.
2011;223(2):102–15.

10. O’Connell RM, Rao DS, Chaudhuri AA, Baltimore D. Physiological and
pathological roles for microRNAs in the immune system. Nat Rev Immunol.
2010;10(2):111–22.

11. van Rooij E, Olson EN. MicroRNA therapeutics for cardiovascular disease:
opportunities and obstacles. Nat Rev Drug Discov. 2012;11(11):860–72.

12. Morales-Prieto DM, Chaiwangyen W, Ospina-Prieto S, Schneider U,
Herrmann J, Gruhn B, et al. MicroRNA expression profiles of trophoblastic
cells. Placenta. 2012;33(9):725–34.

13. Chim SS, Shing TK, Hung EC, Leung TY, Lau TK, Chiu RW, et al. Detection
and characterization of placental microRNAs in maternal plasma. Clin Chem.
2008;54(3):482–90.

14. Doridot L, Miralles F, Barbaux S, Vaiman D. Trophoblasts, invasion, and
microRNA. Front Genet. 2013;4:248.

15. Enquobahrie DA, Abetew DF, Sorensen TK, Willoughby D, Chidambaram K,
Williams MA. Placental microRNA expression in pregnancies complicated by
preeclampsia. Am J Obstet Gynecol. 2011;204(2):178 e12–21.

16. Betoni JS, Derr K, Pahl MC, Rogers L, Muller CL, Packard RE, et al. MicroRNA
analysis in placentas from patients with preeclampsia: comparison of new
and published results. Hypertens Pregnancy. 2013;32(4):321–39.

17. Tarasov V, Jung P, Verdoodt B, Lodygin D, Epanchintsev A, Menssen A, et al.
Differential regulation of microRNAs by p53 revealed by massively parallel
sequencing: miR-34a is a p53 target that induces apoptosis and G1-arrest.
Cell Cycle. 2007;6(13):1586–93.

18. Siemens H, Jackstadt R, Hunten S, Kaller M, Menssen A, Gotz U, et al. miR-34
and SNAIL form a double-negative feedback loop to regulate epithelial-
mesenchymal transitions. Cell Cycle. 2011;10(24):4256–71.

19. Doridot L, Houry D, Gaillard H, Chelbi ST, Barbaux S, Vaiman D. miR-34a
expression, epigenetic regulation, and function in human placental diseases.
Epigenetics. 2014;9(1):142–51.

20. Wolfer A, Ramaswamy S. MYC and metastasis. Cancer Res. 2011;71(6):2034–7.
21. Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, Nguyen JT, et al.

Real-time quantification of microRNAs by stem-loop RT-PCR. Nucleic Acids
Res. 2005;33(20):e179.

22. Udayashankar R, Baker D, Tuckerman E, Laird S, Li TC, Moore HD.
Characterization of invasive trophoblasts generated from human embryonic
stem cells. Hum Reprod. 2011;26(2):398–406.

23. Rokavec M, Oner MG, Li H, Jackstadt R, Jiang L, Lodygin D, et al. IL-6R/
STAT3/miR-34a feedback loop promotes EMT-mediated colorectal cancer
invasion and metastasis. J Clin Invest. 2014;124(4):1853–67.



Sun et al. BMC Cell Biology  (2015) 16:21 Page 9 of 9
24. Sotillo E, Laver T, Mellert H, Schelter JM, Cleary MA, McMahon S, et al. Myc
overexpression brings out unexpected antiapoptotic effects of miR-34a.
Oncogene. 2011;30(22):2587–94.

25. Rathod SS, Rani SB, Khan M, Muzumdar D, Shiras A. Tumor suppressive
miRNA-34a suppresses cell proliferation and tumor growth of glioma stem
cells by targeting Akt and Wnt signaling pathways. FEBS Open Bio.
2014;4:485–95.

26. Chang TC, Yu D, Lee YS, Wentzel EA, Arking DE, West KM, et al. Widespread
microRNA repression by Myc contributes to tumorigenesis. Nat Genet.
2008;40(1):43–50.

27. Miranda ML, Macher HC, Munoz-Hernandez R, Vallejo-Vaz A, Moreno-Luna R,
Villar J, et al. Role of circulating cell-free DNA levels in patients with severe
preeclampsia and HELLP syndrome. Am J Hypertens. 2013;26(12):1377–80.

28. Liang CC, Park AY, Guan JL. In vitro scratch assay: a convenient and
inexpensive method for analysis of cell migration in vitro. Nat Protoc.
2007;2(2):329–33.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Elevated level of miR-34a in preeclamptic placentas
	Overexpression of miR-34a inhibited proliferation, migration and invasion of JEG-3 cells
	MiR-34a inhibited invasiveness of JEG-3 cells by �targeting MYC

	Discussion
	Conclusions
	Methods
	Tissue collection
	Real-time PCR
	Cell culture
	Vector construction and Transfection
	Cell proliferation/MTT assay
	Scratch wound assay
	Transwell assay
	Western blotting
	Dual luciferase reporter assay
	Statistical analysis

	Competing interests
	Authors’ contributions
	Acknowledgement
	References



