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Abstract: The aim of this study was to investigate the role of miR-29b in the regulation of decidua-derived mesenchy-
mal stem cells (dMSCs) to influence the pathogenesis of pre-eclampsia (PE). dMSCs were isolated from decidua tis-
sue and characterized. The expression of miRNAs was evaluated by quantitative PCR. Overexpression and inhibition
of miR-29b were achieved in dMSCs, and the effect of miR-29b overexpression on the migration and angiogenic po-
tential of human umbilical vein endothelial cells (HUVEC) was assessed. Furthermore, we performed bioinformatic
analyses, luciferase reporter gene assays, and gene expression analyses to identify the potential targets of miR-29b
and to verify the effect of target genes on dMSC function. Upregulation of miR-29b was confirmed in severe PE
patients. Overexpression of miR-29b attenuated cell proliferation of dMSCs. Overexpression of miR-29b in dMSCs
decreased the migratory and tubule formation ability of HUVECs. Histone deacetylase 4 (HDAC4) was identified as a
target gene of miR-29b. Decreased migration and tubule formation in HUVECs was observed upon incubation with
conditioned medium from dMSCs treated with the HDAC inhibitor trichostatin A. Our results demonstrated that up-
regulation of miR-29b in dMSCs has an important paracrine effect and might be involved in the development of PE.
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Introduction

Pre-eclampsia (PE) is a multisystem disorder
characterized by new-onset hypertension and
proteinuria during pregnancy. It has been
reported that the incidence of PE ranges from
3-8% of all pregnancies [1]. This condition is a
major cause of maternal mortality and morbid-
ity, preterm birth, perinatal death, and intra-
uterine growth restriction [2]. During the past
decade, extensive research addressing this
disorder has been performed; however, the
pathological mechanisms that lead to PE are
still poorly understood.

Mesenchymal stem cells (MSCs) represent a
heterogeneous subset of pluripotent progenitor
cells that can be derived from the in vitro cul-
ture of various adult tissues and organs (such
as bone marrow, fat, umbilical cord, and pla-
centa) [3]. MSCs also have the capacity of dif-
ferentiate into multiple lineages of mesenchy-
mal tissues including adipose tissue, bone,

cartilage, and muscle; in this regard, MSCs
might be involved in the maintenance of various
microenvironments in vivo [4]. In recent years,
there has been considerable interest regarding
the role of MSCs in the treatment of PE. Most
recently, Liu et al isolated MSCs from decidua
tissue and proved that these decidua-derived
MSCs (dMSCs) could ameliorate T helper cell-
induced PE like symptoms via suppressing the
expression of tumor necrosis factor o (TNF-cx)
[5]. However, the in situ effect of dMSCs in the
pathogenesis of PE has not been fully
elucidated.

miRNAs, a class of endogenous highly con-
served noncoding small RNAs, exert their sup-
pressive effect on post transcriptional gene
expression via target gene degradation and
translational inhibition [6]. Growing evidence
has proven that miRNAs participate in various
biological processes [7, 8], and recent studies
suggested that miRNAs are involved in the
pathogenesis of PE [9, 10]. Most recently, Wang
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Table 1. Patient characteristics

MiR-29b in severe pre-eclampsia

Parameter PE (n = 15) Control (n =15) P value
Age (years) 279+ 1.3 283+11 >0.05
Gestational age at delivery (week) 37.2+0.2 38.4+04 > 0.05

Primiparae (n)

BMI (kg/m?)

SBP (mmHg)

DBP (mmHg)

Proteinuria (g/24 h)

ALT (units/I)

BUN (mmol/I)

Platelet counting (10%/ml)
Birth weight (g)

6 (40%) 7 (46.7%) >0.05

29.1+09 276+1.2 >0.05
162.5 +4.3 1189+ 4.1 <0.05
1153+ 2.4 823+3.5 <0.05

2.2+0.02 0 <0.05

33.7+79 30.7 £ 6.3 >0.05
4.0+0.3 3.7+0.2 >0.05
156.8 + 21.7 191.8+30.8 >0.05

2834.6 £ 174.0 3416.3 +159.0 >0.05

hypertension, hemolysis,
elevated liver enzymes,
HELLP syndrome, cardio-
vascular disease, renal
disease, hepatic disease,
diabetes, or otherimmune
system disorders were
excluded.

dMSC isolation

Decidua tissues (collect-
ed as outlined previously)
were washed with phos-
phate-buffered saline, cut

Placenta weight (g) 484.8 + 26.5

525.3+285 >0.05

into small pieces (12

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; ALT:
alanine aminotransferase; BUN: blood urea nitrogen; PE: pre-eclampsia.

et al found upregulation of miR-29b in severe
PE (sPE) patients and showed that this mole-
cule participates in the regulation of dMSC
function [11]. However, the role of miRNA in
dMSCs has not been fully explored.

In this study, we identified the role of miR-29b
in the regulation of dMSC function and its
involvement in the pathogenesis of PE. Our
results showed that upregulation of miR-29 in
dMSCs had a paracrine effect and regulated
the angiogenic potential of human umbilical
vein endothelial cells (HUVECSs).

Materials and methods
Subjects

Human decidual tissue from sPE patients and
control subjects was collected and sterilized at
the time of cesarean section delivery at The
Second Hospital of Shandong University. The
demographic data of the patients are listed in
Table 1. The study protocol was approved by
the Institutional Review Board of The Second
Hospital of Shandong University and was in full
compliance with the Declaration of Helsinki.
Written informed consent was obtained from
each participating individual. The inclusion cri-
teria for sPE was defined as either severe
hypertension with maternal blood pressure >
160/110 mmHg, assessed by two separate
readings at least 6 h apart, or severe protein-
uria at a concentration of > 2 g protein over a
24 h period. Patients with pregnancy complica-
tions such as twins, fetal structural or genetic
anomalies, or the presence of maternal chronic
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mm?) and digested with
type IV collagenase at a
concentration of 0.25
mg/ml (Sigma, MO, USA)
for 2 h at 37°C. The tissues were then filtered
through a 100-mm strainer and cells were col-
lected by centrifugation at 200 x g for 5 min.
After discarding the supernatant, the cell pellet
was resuspended in low glucose Dulbecco’s
modified Eagle’s medium (DMEM-LG, Gibco,
NY, USA) containing 20% fetal bovine serum,
seeded in 6-well plates, and incubated at 37°C
and 5% CO,. The medium was then changed
every 3-4 days. When the cells reached 80%
confluency, they were digested with 0.25% tryp-
sin containing 0.02% ethylenediaminetetraace-
tic acid (Life technology, CA, USA) and split at a
ratio of 1:5. Cell were characterized using phy-
coerythrin- or fluorescein isothiocyanate-conju-
gated monoclonal antibodies against human
CD34, CD73, CD90, CD105, and HLA-DR (BD
Pharmingen, CA, USA); cells at passage 2-5
were used for the following experiments.

HUVEC culture

HUVECSs, obtained from Life technologies com-
pany, were grown in Medium 200PRF (Life
Technologies, Invitrogen™) with low serum
growth supplement (LSGS), and were incubat-
ed in a humidified atmosphere with 5% CO, at
37°C.

Quantitative real-time reverse transcription-
polymerase chain reaction (RT-PCR)

Total cellular RNA was extracted using Trizol
reagent (Invitrogen, Carlsbad, CA) according to
the manufacturer’s instructions. RNA quantifi-
cation was performed using a Nanodrop 2000
(Thermo, CA, USA). A High Capacity cDNA
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Figure 1. Upregulation of miR-29b in decidua-derived
mesenchymal stem cells (dMSCs) from patients with
pre-eclampsia. *P < 0.05 when compared to that in
normal control subjects.

Reverse Transcription Kit and a TagMan
MicroRNA Reverse Transcription kit were used
for mRNA and miRNA reverse transcription,
respectively (Applied Biosystems, Foster City,
CA, USA). Quantitative RT-PCR was conducted
using a One Step SYBR® PrimeScript™ RT-PCR
kit (Takara, Dalian, China) for HDAC4 and
GAPDH or using TagMan microRNA assays for
miRNA and U6 (Applied Biosystems, Foster
City, CA, USA). Expression of the glyceraldehyde
3-phosphate dehydrogenase (GAPDH) gene
and U6 was assessed simultaneously in all
samples as internal controls. Relative gene
expression was determined using the 224CT
method [12].

MTT cell proliferation

dMSCs (2 x 102 cells) were seeded in 96-well
plates in DMEM-LG containing 10% FBS and
were transfected with various oligonucleotides
of miR-29b including pre-miR-control, pre-miR-
29b, anti-miR-control, and anti-miR-29b, after
overnight incubation. Cells were treated with
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT; 5 mg/ml) at 24, 48, and
72 h time points, and proliferation was mea-
sured using a microplate reader (Molecular
Devices, Sunnyvale, CA). Results were reported
as percent optical density (OD) value relative to
that of the control group.

Pre- and anti-miR transfection and collection
of conditioned medium (CM)

To overexpress and knockdown miR-29b, pre-
miR and anti-miR (respectively) were transfect-
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ed into dMSCs using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s
instructions. CM was collected 36 h after trans-
fection, and the expression of miRNA was con-
firmed by previously described real time RT-PCR
methods. For trichostatin A (TSA), CM was col-
lected 36 h after TSA (0.1 upM, Sigma)
treatment.

Migration assay

Migration assays were performed using a tran-
swell system as described previously. HUVECs
(2 x 10* cells) were resuspended in serum-free
Medium 200 and seeded on the upper cham-
ber. The lower chamber was filled with CM.
After incubation at 37°C and 5% CO, for 24 h,
the cells were stained with hematoxylin and the
cell number in each well was counted in three
randomly selected fields (200x% magnification)
under a light microscope. All experiments were
performed in triplicate.

Tubule formation assay

Matrigel (BD Biosciences, CA, USA) was diluted
1:1 with CM described previously and added to
48-well plates for gelling. HUVECs (5 x 10%
cells) were seeded in Matrigel (pre-solidified)-
coated 48-well plates, and tubular structures
were evaluated under a microscope after 24 h
incubation. To quantify the length of newly
formed tubes, six random phase contrast pho-
tos were taken per well, and the length of each
tube was measured using Quantity One Image
software.

Western blotting

dMSCs with or without pre-miR-29b transfec-
tion were lysed in RIPA buffer, which was fol-
lowed by high-speed centrifugation and quanti-
fication using bicinchoninic acid. Cellular pro-
teins were separated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis and
transferred onto polyvinylidene difluoride mem-
branes. After blocking, membranes were incu-
bated with histone deacetylase 4 (HDAC4)
(Sigma). Actin (Santa Cruz Biotechnology, Santa
Cruz, CA) was used as the loading control.
Appropriate horseradish peroxidase-conjugat-
ed secondary antibodies were applied. The pro-
tein bands were detected with SuperSignal
Ultra Chemiluminescent Substrate (Pierce,
Rockford, IL) using X-ray films (Kodak, Tokyo,
Japan).

Int J Clin Exp Pathol 2017;10(10):10243-10251
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Figure 2. Upregulation of miR-29b decreased the proliferation of decidua-derived mesenchymal stem cells (dMSCs).
A. Morphology of dMSCs after transfection with pre-miR-control, pre-miR-29b, anti-miR-control, and anti-miR-29b.
B. The expression of miR-29b was quantified by real-time PCR. C. The proliferation of dMSCs was determined by
an MTT assay. Significantly decreased dMSC proliferation was found at 48 and 72 h in the miR-29 overexpression

group.

Luciferase assays

The pMIR-HDAC4-3'UTR plasmid, containing
the putative binding site of the HDAC4 3'UTR
downstream of the firefly luciferase gene, was
generated by cloning and inserting a 400-bp
sequence, located on the 3’UTR, downstream
of the Spel and Hindlll sites of the pMIR-
REPORT Luciferase vector (Ambion, TX, USA).
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For luciferase activity measurements, dMSCs
cells were grown in 24-well plates until they
reached 60-70% confluence, which was fol-
lowed by co-transfection with a Renilla lucifer-
ase plasmid (Ambion) as a control for transfec-
tion efficiency, along with pre-miR-29b or nega-
tive control, using Lipofectamine 2000 (Invi-
trogen). The firefly and Renilla luciferase activi-
ties were assessed after 48 h with the Dual

Int J Clin Exp Pathol 2017;10(10):10243-10251
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Figure 3. Upregulation of miR-29b in decidua-derived mesenchymal stem cells (dMSCs) decreased cell migration
and angiogenesis. dMSCs were transfected with pre-miR-control, pre-miR-29b, anti-miR-control, and anti-miR-29b,
and condition medium (CM) from these cells was collected after 36 h. A. HUVEC migration was significantly de-
creased after incubation with CM from dMSCs transfected with pre-miR-29b, whereas it was significantly increased
after incubation with CM from dMSCs transfected with anti-miR-29b. B. Decreased tubule formation in HUVECs was
found after incubation with CM from dMSCs transfected with pre-miR-29b, whereas increased tubule formation in
HUVECs was observed after incubation with CM from dMSCs transfected with anti-miR-29b. *P < 0.05 when com-
pared to pre-miR-control; TP < 0.05 when compared to anti-miR-control.

Luciferase Reporter 1000 Assay System
(Promega, WI, USA).

Statistical analyses

All statistical analyses were performed using
SPSS v18 software (SPSS, Chicago, IL). Data
are presented as mean + SD. A Student’s t-test
was used to examine differences between
groups. P < 0.05 was considered significant.

Results
Upregulation of miR-29b in sPE dMSCs

Quantitative real-time PCR was employed to
evaluate dysregulated miRNAs in sPE patients
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and control subjects. We found that the expres-
sion of miR-29b and miR-30a was upregulated
in dMSCs from sPE patients, whereas no signifi-
cant change was found for the expression of
miR-210 and miR-152 in these sPE dMSCs
(Figure 1).

Overexpression of miR-29b decreased dMSC
proliferation

We then examined the role of miR-29b in dMSC
viability and proliferation. dMSCs were trans-
fected with various oligonucleotides of miR-
29Db. Significantly decreased cell viability and
proliferation were found at 48 h and 72 h in
dMSCs overexpressing miR-29b, whereas sig-

Int J Clin Exp Pathol 2017;10(10):10243-10251
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Figure 4. MiR-29b was found to target HDAC4 in decidua-derived mesenchymal stem cells (dMSCs) and reduce
HDAC4 expression. A. A putative target site for miR-29b in the 3’-UTR of HDAC4 mRNA predicted by TargetScan. Mm:
mouse; Hs: human; Rn: rat. B. Decreased luciferase activity after pre-miR-29b transfection. C. MiR-29 overexpres-
sion reduced the protein level of HDAC4. D. MiR-29 overexpression decreased the gene expression of HDAC4. *P <

0.05 when compared to control miRNA.

nificantly increased cell viability and prolifera-
tion were observed at 48 h and 72 h in dMSCs
transfected with anti-miR-29b (Figure 2).

MIiR-29b overexpressing dMSCs regulate cell
migration and angiogenesis

We then examined the effect of miR-29b-over-
expressing dMSCs on the migratory capacity
and tubule formation ability of HUVECs. dMSCs
were transfected with various miR-29b oligo-
nucleotides and CM was collected at 36 h post-
transfection. CM was then used as the incuba-
tion medium in a transwell system. In HUVECs,
significantly decreased migration was observed
after incubation with CM from dMSCs trans-
fected with pre-miR-29b, whereas significantly
increased migration was found after incubation
with CM from dMSCs transfected with anti-miR-
29b (Figure 3A). A tubule formation assay was
also performed to assess the effect of CM from
dMSCs after miR-29b overexpression and inhi-
bition. Significantly decreased and increased
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tubule formation was observed in HUVECs incu-
bated with CM after miR-29b overexpression
and inhibition, respectively.

MIiR-29b targeted HDAC4 at the 3’'UTR and
decreased its expression in dMSCs

We performed target gene searching of miR-
29b using the TargetScan database and the
results predicted that HDAC4 has a putative
miR-29b binding site within its 3’'UTR, which
might be a potential target of miR-29b (Figure
4A). To explore the effect of miR-29b on the
MRNA and protein levels of HDAC4, dMSCs
transfected with pre-miR-29b were examined.
The results suggested downregulation of
HDAC4 mRNA and protein after transfection
(Figure 4C, 4D). A luciferase experiment was
also employed to confirm binding of miR-29b to
the 3'UTR of HDAC4. Decreased luciferase
activity was shown after a partial segment of
the 3’'UTR of HDAC was cloned into the lucifer-
ase reporter vector (Figure 4B).

Int J Clin Exp Pathol 2017;10(10):10243-10251
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CM from TSA-treated dMSCs decreased cell
migration and angiogenesis

The histone deacetylase inhibitor TSA was
employed to verify the role of HDAC4 in dMSCs
in the regulation of cell migration and angiogen-
esis (Figure 5A). Significantly decreased cell
migration was observed in HUVECs incubated
with CM from TSA-treated dMSCs (Figure 5B).
In addition, tubule formation ability was signifi-
cantly impaired in HUVECs after incubation with
CM from TSA-treated dMSCs (Figure 5C).

Discussion

In the present study, upregulation of miR-29b
was found in dMSCs from patients with PE.
Overexpression of miR-29b inhibited the prolif-
eration of dMSCs. Moreover, overexpression of
miR-29b in dMSCs reduced the ability of
HUVECSs to migrate and form blood vessels, and
this was thought to be attributed to a dimin-
ished paracrine effect, originating from dMSCs,
through downregulation of HDAC4. To the best
of our knowledge, this is the first study to inves-
tigate the role of miR-29b in dMSCs, and these
results might provide insight on the pathogen-
esis of PE.

MSCs represent a heterogeneous population of
pluripotent progenitor cells that can be found in
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Figure 5. Conditioned medium (CM) from trichostatin A (TSA)-
treated decidua-derived mesenchymal stem cells (dMSCs) re-
duced migration and tubule formation in HUVECs. A. Decreased
expression of HDAC4 in dMSCs after treatment with TSA. B.
Significantly decreased migration was observed in HUVECs. C.
Significantly decreased tubule formation was also identified in
HUVECs. *P < 0.05 when compared to control miRNA.
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almost all tissues [13]. miRNAs have been
reported to act as regulatory signals for the
function of MSCs [14]. Huang et al [15] showed
that miR-204 regulates differentiation of MSCs
by decreasing the expression of Runx2. Kim et
al [16] suggested that miR-21 regulates adipo-
genic differentiation by modulating TGF-$ sig-
naling in MSCs. As a systemic disease, the dys-
function of maternal endothelial cells is
involved in the pathogenesis of PE [17]. The
decidua is a type of highly modified endometri-
um, and proper formation and function of this
tissue are required for normal pregnancy [18].
Previous studies have shown that MSCs can be
isolated from decidua tissues and that they are
involved in the pathogenesis of PE [5, 11].
Moreover, differential expression of miRNAs
was found between the placenta from PE
patients and those of normal pregnancies [19].
In this study, we confirmed the differential
expression of miRNAs in dMSCs of PE patients
and normal control subjects. Among these miR-
NAs, miR-29b exhibited the largest fold change.
We then overexpressed miR-29b in dMSCs
and found that proliferation was significantly
decreased after the transfection of miR-29b.

During the past few years, the paracrine effect
of MSCs has been the emphasis of many recent

Int J Clin Exp Pathol 2017;10(10):10243-10251
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studies [20, 21]. Acceding with previous studies
[22, 23], many growth factors and proteases
can be secreted by MSCs, including vascular
endothelial growth factor (VEGF), hepatocyte
growth factor (HGF), insulin-like growth factor
(IGF)-1, stromal cell-derived factor (SDF), basic
fibroblast growth factor (bFGF), matrix metallo-
proteinases (MMP), transforming growth factor
(TGF)-B, and platelet derived growth factor
(PDGF). Moreover, differential expression of
cytokines has been observed between dMSCs
from patients with PE and those with normal
pregnancies [24]. Therefore, we examined the
effect of miR-29b overexpression in dMSCs on
the microenvironment of the placenta. CM from
these dMSCs and their effect on the migration
and angiogenesis of HUVECs were tested. The
results demonstrated decreased migration and
tubule formation in HUVECs after incubation
with CM collected from miR-29b-overexpress-
ing dMSCs.

HDAC4 is a member of the class lla histone
deacetylase family and previous studies have
shown that it is involved in bone development
[25] and promotes TGF-B1 induced chondro-
genesis in synovium-derived stem cells and
inhibits chondrogenically differentiated stem
cell hypertrophy [26]. Most recently, Zhu et al
demonstrated alteration of HDAC (such as
HDAC4, HDAC5, and HDACG) activity in placen-
tal derived MSCs [27]. However, the exact role
of HDACs in PE had not previously been
explored. By using the online database
TargetScan, we identified HDACs to be a poten-
tial target gene of miR-29b and showed that
HDAC4 regulated the paracrine behavior of
dMSCs; this was verified by the observation
that HUVECs incubated with CM from TSA-
treated dMSCs exhibited decreased migration
and tubule formation.

In conclusion, our results demonstrated that
upregulation of miR-29b in dMSCs plays an
important role in the paracrine effect of dMSCs
and that this might be involved in the develop-
ment of PE. Our study proposed the existence
of a new molecular event that might explain the
pathogenesis of disease.
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