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Preeclampsia Up-Regulates Angiogenesis-Associated
MicroRNA (i.e., miR-17, -20a, and -20b) That Target
Ephrin-B2 and EPHB4 in Human Placenta

Wen Wang, Lin Feng, Honghai Zhang, Stephanie Hachy, Seiro Satohisa,
Louise C. Laurent, Mana Parast, Jing Zheng, and Dong-bao Chen

Departments of Obstetrics and Gynecology (W.W., L.F., H.Z., S.H., S.S., D.-b.C.), University of California,
Irvine, California 92697; Departments of Obstetrics and Gynecology (L.C.L.) and Pathology (M.P.),
University of California San Diego, La Jolla, California 92093; and Department of Obstetrics and
Gynecology (J.Z.), University of Wisconsin-Madison, Madison, Wisconsin 53715

Context: Placental angiogenesis contributes to the pathogenesis of preeclampsia (PE) that affects
5–8% of all human pregnancies. MicroRNA (miRNA) are a class of noncoding 21- to 25-nucleotide
RNA that negatively regulate gene expression posttranscriptionly.

Objective: The aim of this study was to test the hypothesis that miRNA are differentially expressed
in healthy term and PE placentas and a subclass of angiogenesis-associated miRNA are increased
by PE.

Design: Total miRNA were extracted from villous placental tissues from healthy term and severe
preeclamptic pregnancies. Differential miRNA expression was analyzed by microarray and real-
time quantitative PCR. Angiogenesis-associated miRNA were analyzed by target prediction data-
bases. In situ hybridization was used to localize miRNA. Target verification was performed by
transfection of miRNA precursors or antagomirs into endothelial and BeWo cells and luciferase
reporter assays.

Results: Three highly expressed miRNA (miR-17, -20a, and -20b) were found significantly increased
in PE compared with healthy term placentas (n � 10 per group). They target on the same group of
genes important for angiogenesis. miR-20b was expressed primarily in villous syncytiotrophoblasts
in term placenta. Overexpression or inhibition of miR-20b differentially regulated mRNA expres-
sion of those genes in endothelial vs. trophoblast cells. Luciferase reporter assay showed that
miR-20b targets EPHB4 and ephrin-B2 that have been shown to be critical for early human placental
development. Placental ephrin-B2 mRNA was significantly down-regulated in PE compared with
normotensive pregnancies.

Conclusion: miR-17, miR-20a, and miR-20b are differentially regulated in human placentas by PE.
They regulate EPHB4 and ephrin-B2 expression in trophoblast and endothelial cells via the same
“seed” sequence, suggesting their roles in early placental development. (J Clin Endocrinol Metab
97: E1051–E1059, 2012)

Preeclampsia (PE) is a human pregnancy-specific disor-
der characterized by new onset of hypertension and

proteinuria. PE is a multiple organ syndrome affecting
5–8% of all pregnancies worldwide and remains a leading

cause of maternal and neonatal mortality and morbidity
(1, 2). Although its etiology remains elusive, the placenta
is definitely involved in the pathogenesis of PE because
removal of the placenta but not the fetus eradicates the
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Abbreviations: EFNB2, Ephrin-B2; EPHB4, Eph receptor B4; FFPE, formalin-fixed and par-
affin-embedded; HIF1A, hypoxia-induced factor 1, �-subunit; HUVEC, human umbilical
vein endothelial cell; miRNA, microRNA; MMP2, matrix metallopeptidase 2; PE, preeclamp-
sia; qPCR, quantitative PCR; TIMP2, tissue inhibitor of metalloproteinase 2; UTR, untrans-
lated region; VEGFA, vascular endothelial growth factor A.
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clinical manifestations (3). Both conventional and mi-
croarray approaches have identified a substantial number
of differentially expressed genes in the transcriptome of
human placentas from PE compared with normotensive
healthy term deliveries (4–6). These studies clearly sug-
gest that differential gene expression is associated with the
pathogenesis of PE. Genetic and epigenetic pathways have
been suspected to cause the alterations of placental tran-
scriptome by PE (7, 8). However, how placental gene ex-
pression is differentially regulated is largely unknown.

The microRNA (miRNA) represent a class of noncod-
ing, 21- to 25-nucleotide small RNA that play a key reg-
ulatory role in gene expression via posttranscriptional re-
pression. Derived from a stem-loop precursor, miRNA
regulate gene expression by binding primarily to the 3�-
untranslated region (UTR) of the target mRNA, resulting
in translational repression and mRNA degradation based
on the complementary pairing between the miRNA
“seed” sequence centered on the nucleotide 2–7 of the
miRNA and the 3�-UTR of the target mRNA (9). Because
the pairing can be either a perfect or an imperfect com-
plement, one miRNA is able to regulate the expression of
multiple genes, and one gene can be regulated by more
than one miRNA. Since initially being discovered in Cae-
norhabditis elegans, a large number of miRNA have been
identified in many species. In humans, more than 1000
miRNA have been detected to date, and this number is still
increasing (10). It is estimated that miRNA regulate the
expression of approximately 30% of all human genes (11),
thereby participating in nearly all fundamental cellular
processes, including cell differentiation, proliferation, mi-
gration, apoptosis, etc. (12).

In mammals, a placental vasculature must form during
embryogenesis; it further expands during placentation
and grows exponentially in parallel with the extremely
fast-growing fetus during the third trimester of pregnancy
(2, 13). New vessel formation from preexisting capillaries
(angiogenesis) is a vital mechanism for the expansion and
extensive vascular growth at the maternal, fetal, and pla-
cental interface. Derangement of placental vasculature
compromises fetal growth, which is inevitably seen in var-
ious complicated pregnancies including PE, gestational di-
abetes, intrauterine growth restriction, and low birth
weight (1, 2). Because compelling evidence has shown that
miRNA play a critical role in angiogenesis and endothelial
cell function (14, 15) and PE has been postulated as an
endothelial disease (16, 17), we hypothesize that miRNA
are differentially expressed in human placentas from PE
vs. normotensive term deliveries, and a subclass of angio-
genesis-associated miRNA are increased by PE. By using
miRNA microarray and real-time reverse transcriptase
PCR [quantitative PCR (qPCR)] analyses, we identified

several PE-up-regulated miRNA of the miR-17-92 cluster
that regulates angiogenesis (14), including miR-17, miR-
20a, and miR-20b. Target analysis suggests that they reg-
ulate the expression of Eph receptor B4 (EPHB4) and eph-
rin-B2 that are critical for vascular patterning and
trophoblast invasion during placentation (18). Thus, our
data may have suggested a potential miRNA pathway for
regulating early placental development.

Materials and Methods

Placental collection
Collection of placentas from severe PE and normotensive

term deliveries (n � 10 per group) was approved by the Institu-
tional Review Board, Meriter Hospital, and the Health Sciences
Institutional Review Boards, the University of Wisconsin-Mad-
ison, and followed the recommended guidelines for using human
subjects. All the normal and severe PE placentas were obtained
immediately after cesarean section delivery. The diagnostic cri-
teria for normotensive and preeclamptic pregnancies were based
on American College of Obstetricians and Gynecologists guide-
lines (19). Severe PE was defined as maternal blood pressures of
at least 160/110 mm Hg in two separate readings at least 6 h
apart and significant quantitative proteinuria (�2� on urine
dipstick or �2 � g in a 24-h urine), oliguria, cerebral or visual
disturbances, pulmonary edema or cyanosis, epigastric or right
upper-quarter pain, impaired liver function, thrombocytopenia,
or fetal growth restriction. None of the study subjects had signs
of infection. Smokers were excluded. Patients’ ages were similar
(23 � 1.2 yr) between normotensive and PE pregnancies. All the
PE pregnancies did not have any other maternal complications.
Gestational ages for normotensive pregnancies (39 � 0.2 wk)
were significantly (P � 0.05) longer than PE (33 � 1.2 wk). Fetal
weights for normotensive pregnancies (3433 � 96.2 g) were
higher (P � 0.05) than PE pregnancies (1811 � 309.1 g). Pla-
cental villous tissues were randomly sampled free of the decidua,
snap-frozen in liquid nitrogen, and kept in �80 C until used.
Placental tissues were also fixed in 4% paraformaldehyde over-
night at 4 C for in situ hybridization analysis.

RNA isolation
Enriched small RNA with size less than 200 nucleotides were

isolated from 50–100 mg of the frozen placenta tissue samples
using mirVana RNA Isolation Kit (Ambion, Austin, TX) accord-
ing to the manufacturer’s protocol. For the transfected cells, total
RNA were extracted using Trizol reagent (Invitrogen, Carlsbad,
CA) following the manufacturer’s protocol.

miRNA microarray analysis
The differential miRNA expression profile was analyzed by a

miRNA microarray service provider (LC Sciences, Houston, TX)
on three pairs of control and PE samples. The array included 894
unique probes to cover all miRNA available in the version 14.0
of the miRBase database. Briefly, paired Cy3 (control) and Cy5
(PE)-labeled small RNA samples were hybridized to a dual-color
microarray platform using uParaflo microfluidics chips. The raw
data of hybridization signals were analyzed, including back-
ground subtraction and normalization using the locally weighted
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scatterplot smoothing method. Only transcripts with a signal
intensity higher than 3 � (background SD) and spot coefficient of
variation (CV) � 0.5 [CV � (SD)/(signal intensity)] were listed as
detectable. In addition, when there were repeating probes on the
array, transcripts were listed as detectable if at least 50% of the
repeating probes were above detection level. Transcripts with
signal intensity less than 500 were considered as low expression.
Differential analysis was performed using a Student’s t test to
analyze the statistical significance of the signal differences be-
tween the two groups.

Quantitative real-time RT-PCR
Real-time RT-PCR was performed on all the control and PE

tissue samples to confirm the miRNA microarray results. The
miRNA from each sample were reverse-transcribed into cDNA
using RT2 miRNA First Strand Kit (SABiosciences, Frederick,
MD) according to the manufacturer’s protocol. The real-time
PCR was performed using RT2 miRNA qPCR Assay (SABiosci-
ences) for each miRNA. The comparative CT method (		CT

method) was used to calculate the miRNA expression, with the
universally expressed small nuclear RNA U6 used as the endog-
enous control.

For mRNA gene expression analysis, cDNA was synthesized
using random primers in reverse transcription, and real-time
qPCR was performed with gene-specific primers listed in Sup-
plemental Table 1 (published on The Endocrine Society’s Jour-
nals Online web site at http://jcem.endojournals.org). Ribo-
somal protein L19 was amplified as the endogenous control.

miRNA target predictions
Predictions of the target genes of miRNA were performed by

combinatorial utilization of four different online databases, includ-
ingTargetScan5.1(www.targetscan.org),PicTar(http://pictar.mdc-
berlin.de), RegRNA (http://regrna.mbc.nctu.edu.tw/php/browse.
php), and miRNA target detection software Miranda (www.
microrna.org). Additionally, PubMed searches were performed to
identify experimentally validated target genes of miRNA.

miRNA in situ hybridization
miRNA in situ hybridizations were performed on formalin-

fixed and paraffin-embedded (FFPE) placenta tissue samples us-
ing miRCURY LNA MicroRNA ISH Optimization Kit (Exiqon,
Vedbaek, Denmark) and double digoxigenin-labeled LNA
probes for miR-20b (50 nM; Exiqon), human U6 (5 nM; Exiqon),
or scrambled miRNA control probes (50 nM; Exiqon) according
to the manufacturer’s protocol. The hybridization was per-
formed at 55 C for 1 h. All the sections were counter-stained with
Nuclear Fast Red (Vector Laboratories, Burlingame, CA). U6
small nuclear RNA probe was used as the positive control, and
scrambled miRNA probe was used as the negative control.

Cell culture and transfection
Human umbilical vein endothelial cells (HUVEC) were iso-

lated from human umbilical cords collected from the University
of California Irvine Medical Center, with approval of the Insti-
tutional Review Board (20). The cells were grown in endothelial
cell medium with 10% fetal bovine serum (ScienCell Research
Laboratories, Carlsbad, CA) and used within three to five pas-
sages. BeWo trophoblast cells (American Type Culture Collec-
tion, Manassas, VA) were cultured in DMEM/F12 medium with
10% fetal bovine serum. miR-20b precursor, miR-20b antago-

mir, and pre-miR negative control no. 1 (Ambion) were trans-
fected into HUVEC or BeWo cells using siPORT NeoFX trans-
fection agent (Ambion). After transfection, the cells were
allowed to incubate for 48 h at 37 C, followed by RNA
extraction.

Generation of luciferase reporter constructs and
luciferase assay

The 3�-UTR fragments of ephrin-B2 (1003 bp) and EPHB4
(223 bp) containing the predicted conserved binding sites of
miR-20b were PCR amplified and inserted into pMIR-REPORT
vector (Ambion) downstream of the luciferase open reading
frame. The constructs were termed pMIR-EFNB2 and pMIR-
EPHB4, respectively. HEK293 cells were transfected with 5 pmol
of pre-miR-20b or pre-miR-scramble control in a 96-well plate.
Cells were cotransfected with 25 ng of pMIR-EFNB2, pMIR-
EPHB4, or pMIR-REPORT and 5 ng of reference pRL-TK Re-
nilla luciferase reporter plasmid (Promega, Madison, WI).
Transfections were performed using Lipofectamine 2000 (Invit-
rogen), according to the manufacturer’s protocol. Cells were
lysed 24 h after transfection, and both firefly and Renilla lu-
ciferase activities were measured using Dual Luciferase Reporter
Assay (Promega). Firefly luciferase activity was normalized to
Renilla luciferase activity.

Statistics
Results are presented as mean � SD. Statistical analyses were

performed using SigmaStat 3.5 (Systat Software Inc., San Jose,
CA). Student’s t test was used for comparison between controls
and preeclamptics, and ANOVA was used for comparison
among the three trimesters. Significance was defined as P � 0.05.

Results

Up-regulation of miR-17, -20a, and -20b in severe
PE placentas

miRNA microarray analysis from three pairs of normal
and PE placenta samples detected a total of 615 miRNA
expressed in human placenta, with 69 highly expressed
miRNA (signal � 500) and 546 low abundant miRNA
(signal � 500) (Supplemental Table 2). Differential anal-
ysis identified nine miRNA with differential expression
(P � 0.05) between PE and normal controls, including five
up-regulated miRNA (miR-20b, miR-516a-5p, miR-512–
3p, miR-2277, and miR-524-3p) and four down-regu-
lated miRNA (miR-151-3p, miR-146a, miR-192, and
miR-34c-5p) by PE (Fig. 1). Among them, three miRNA
(miR-20b, miR-516a-5p, and miR-512-3p) were abun-
dantly expressed with signal intensity more than 500. By
looking for their potential target genes, four of the nine
miRNA, namely miR-20b, miR-151-3p, miR-524-3p, and
miR-34c-5p, were identified to be important for angio-
genesis (Table 1). Real-time qPCR was then performed to
verify the differential expression of these four miRNA
identified by differential microarray analysis. Two abun-
dant miRNA, miR-20a and miR-17, up-regulated in PE
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with P more than 0.05, but less than 0.1 by miRNA mi-
croarray analysis, were identified to have the same seed
sequence as miR-20b and target on the same set of angio-
genesis-related genes as miR-20b (see Fig. 3). Thus, their
expression was also verified by real-time qPCR. Another
miRNA, miR-1975, which has the highest expression sig-
nal among all the miRNA identified with P value less than
0.1, was also included in the qPCR verification.

With 10 pairs of normal and PE placental samples, real-
time qPCR analysis revealed that the levels of miR-17,
miR-20a, and miR-20b in the severe PE placentas were
approximately 1-fold greater than that in the normal con-
trols (P � 0.05) (Table 1). However, the levels of miR-
1975, miR-34c, and miR-151-3p in PE placentas did not
differ from that of normal controls. The level of miR-
524-3p was approximately 40% greater in PE placentas
than that of normal controls, but it did not reach statistical
significance (P � 0.08).

Localization of miR-20b in human placentas
Because miR-20b was the only one identified with sig-

nificant differential expression between PE and normal
placenta (P � 0.05) by microarray analysis, we then took
miR-20basanexample to study its localization inplacenta
by in situ hybridization (Fig. 2). In the healthy term pla-
centa, miR-20b expression was detected in the syncytium
and some of the villous mesoblasts, but not in the capillary
endothelial cells. The hybridization signal of miR-20b
seemed to be more intensive in the PE placentas, which was
mainly localized in the syncytium.

Predicted target genes of miR-17, -20a, and -20b
In silico analysis using miRNA target prediction data-

bases identified hundreds to thousands of potential target
genes of miR-17, -20a, and -20b. Because the three
miRNA share the same “seed” sequence (Fig. 3A), they
target on similar predicted genes, including many angio-
genesis-related factors listed in Table 1. All three compu-
tational algorithms, i.e. TargetScan, PicTar, and Miranda,
identified several angiogenesis-related genes, including
hypoxia-induced factor 1, �-subunit (HIF1A), IL-8, Eph
receptor B4 (EPHB4) and tissue inhibitor of metallopro-
teinase 2 (TIMP2) as the targets of miR-17, 20a and 20b.
Vascular endothelial growth factor A (VEGFA), eph-
rin-B2 (EFNB2) and matrix metallopeptidase 2 (MMP2)
were predicted as the targets by TargetScan and Miranda,
but not PicTar. TargetScan search also showed that the
putative binding sequences of miR-17, -20a, and -20b in
the 3�-UTR of the predicted targets were conserved among
species.

Using both HUVEC and trophoblast BeWo cells as the
cell models, we studied the effect of miR-20b on the
mRNA expression of the predicted gene targets (Fig. 3B).
Overexpression of miR-20b significantly reduced EPHB4
expression by about 20% in HUVEC (Fig. 3C); however,
it did not significantly affect EPHB4 expression in BeWo

TABLE 1. Comparison of the microarray and real-time RT-PCR results for the miRNA of interest

MicroRNA
name

Microarray results
(3 pairs NL vs. PE) Real-time PCR results (10 pairs) Predicted

targetsNL mean PE mean Change P value NL mean PE mean Change P value
hsa-miR-17 770 971 Up 0.096 1.37 � 0.60 2.76 � 1.42 Up 0.011 HIF1A VEGFA
hsa-miR-20a 800 1019 Up 0.069 1.39 � 0.59 2.78 � 1.17 Up 0.004 EFNB2
hsa-miR-20b 538 695 Up 0.010 1.41 � 0.69 2.39 � 1.27 Up 0.045 EPHB4

hsa-miR-34c 30 19 Down 0.046 1.36 � 0.79 1.77 � 1.49 Unchanged 0.450 NOS3

has-miR-151-3p 104 86 Down 0.023 1.21 � 0.95 1.18 � 0.61 Unchanged 0.950 HIF1A

has-miR-524-3p 77 95 Up 0.039 1.02 � 0.39 1.44 � 0.61 Up 0.082 NOS3

hsa-miR-1975 9200 3865 Down 0.088 0.77 � 0.21 0.76 � 0.29 Unchanged 0.930 Unknown

NL, Normal.

FIG. 1. The heat map of differentially expressed miRNA in normal and
preeclamptic placentas with P � 0.05 determined by microarray
analysis. Green indicates down-regulation, and red indicates up-
regulation. Each column represents a single microarray analysis.
Columns 1–3 and columns 4–6 display the results from three normal
placenta and three preeclamptic placenta samples, respectively.
Similarities or differences in the miRNA expression patterns are
represented in the dendrogram.
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cells (Fig. 3D). Transfection of miR-20b antagomir to in-
hibit miR-20b expression significantly increased the ex-
pression of HIF1A, MMP2, and EFNB2 by about 60–
70% in HUVEC and EPHB4 expression in BeWo cells.
Inhibition of miR-20b also significantly reduced VEGFA
expression in both HUVEC and BeWo cells. IL-8 mRNA
was not detected in BeWo cells.

Ephrin-B2 and EPHB4 are the direct targets of
miR-20b

To determine whether ephin-B2 and EPHB4 are the
direct targets of miR-20b, miRNA reporter vectors were
constructed with ephrin-B2 3�-UTR fragment (pMIR-
EFNB2) or EPHB4 3�-UTR fragment (pMIR-EPHB4)
containing the miR-20b binding region. When pre-miR-
20b was cotransfected with either pMIR-EFNB2 or
pMIR-EPHB4 in HEK293 cells, it significantly decreased
the luciferase reporter gene expression in comparison with
the negative control precursor miRNA (P � 0.002 and
0.003, respectively). As a control, when pre-miR-20b was
cotransfected with the pMIR-REPORT plasmid without
the 3�-UTR, it did not affect the luciferase gene expression
as compared with the control precursor miRNA cotrans-
fected cells (Fig. 4).

Ephrin-B2 and EPHB4 expression in normal term
and PE placentas

Because ephrin-B2 and EPHB4 were shown as the di-
rect targets of miR-20b and miR-20b was up-regulated in
PE placenta, we then analyzed the expression of ephrin-B2

and EPHB4 expression in the placenta
using real-time qPCR. Ephrin-B2 was
significantly down-regulated in PE pla-
centas compared with normal term pla-
centa. However, levels of EPHB4
mRNA did not differ between PE and
normal term placentas (Fig. 5).

Discussion

miRNA are important regulators for
angiogenesis (14). To date, many
miRNA have been identified to regu-
late angiogenesis, including the miR-
17-92 cluster (14, 15). This polycis-
tronic cluster contains six miRNA that
are processed from a common precur-
sor transcript, i.e. miR-17, miR-18,
miR-19a, miR-19b-1, miR-20a, and
miR-92a-1. Based on their seed se-
quences, the six miRNA can be grouped
into four families: the miR-17 family

(miR-17 and miR-20a), the miR-18 family, the miR-19 fam-
ily, and the miR-92 family (21). The miR-17-92 cluster has
two paralogs in mammals, miR-106a-363 and miR-106b-
25, generated by ancient gene duplications. They contain
homologous miRNA to those encoded by miR-17-92 (21).
miR-20b is located in the miR-106a-363 cluster and be-
longs to the miR-17 family. It is noteworthy that miR-17,
-20a, and -20b share identical seed sequence, thus possibly
possessing overlapping functions by targeting on a similar
set of genes.

We have shown herein that human placental expres-
sions of miR-17, -20a, and -20b are significantly up-reg-
ulated by PE. Several recent differential miRNA expres-
sion studies also revealed higher expression of other
angiogenesis-associated miRNA in PE placenta, including
miR-210, miR-16, and miR-222 (22–24). Of note, the
significantly PE-up-regulated angiogenesis-associated
miRNA identified in our current study were not reported
in any of the previous studies that had also used microar-
ray profiling (22–24). Surprisingly, there was minimum
overlapping among the PE-regulated miRNA identified
by these previous studies, and some even reported op-
posite findings. For example, Enquobahrie et al. (25)
found that miRNA-584 was down-regulated in PE (25),
opposite to the findings by Zhu et al. (24). Although the
cause of these discrepancies is currently unknown, po-
tential factors may be related to the differences in sam-
ple collection (delivery methods and sample size), RNA
extraction methods, the miRNA array methods used,

FIG. 2. In situ hybridization of miRNA-20b in paraffin-embedded placental tissue sections
from the healthy term and PE placentas. st, Syncytiotrophoblast; bv, blood vessel; fv, floating
villi; NL, normal; CTL, control; Neg, negative. Bar, 50 �m.
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etc. Noack et al. (26) found up-regulation of several
miRNA in severe PE placentas using FFPE placental
tissues by qPCR, including angiogenesis-associated
miRNA-182 (26); however, differences in RNA quality
have been found to present between snap-frozen fresh
tissues and FFPE tissue samples (27). In addition, dif-
ferent control groups were used in different studies.
Pineles et al. (28) used patients with spontaneous pre-
term labor and delivery as their controls. Regardless,
identifying the PE-up-regulated angiogenesis-associ-
ated miRNA, including miR-17, -20a, and -20b (current
study) and miR-210, miR-16, and miR-222 (22–24),
signifies an important step for investigating a poten-
tially important role of angiogenesis-associated miRNA
in placental physiology and pathophysiology. Because
proangiogenic and antiangiogenic imbalance contrib-
utes to the pathogenesis of many pregnancy complica-
tions, including PE (29), these findings may have sug-

gested a miRNA pathway for
regulating placental angiogenesis
during PE.

In addition, our other findings may
have suggested that PE-up-regulated
miR-17, -20a, and -20b are possibly im-
portant for regulating early human pla-
cental development for the following
reasons. First, target prediction anal-
ysis indicated that these miRNA share
the same seed sequence, thus targeting
the same set of genes, including
HIF1A, MMP2, VEGFA, TIMP2,
IL-8, ephrin-B2, EPHB4, etc. Second,
using miR-20b as an example and
HUVEC and BeWo as the cell models,
we have verified that overexpression or
down-regulation of miR-20b indeed reg-
ulates differential mRNA expression of
these genes in HUVEC and BeWo cells.
Third, we have shown that ephrin-B2
and EPHB4 are the two primary targets
of miR-20b, which is verified by using
reporter gene expression assays. These
results are intriguing because of the crit-
ical roles that ephrin-B2 and EPHB4 play
in vascular patterning and trophoblast
invasion during early human placental
development (18).

EPHB4 and ephrin-B2 belong to the
large families of Eph receptor tyrosine
kinases and their ephrin ligands, re-
spectively. Interaction of Eph receptors
and cell surface-bound ephrin ligands

mediates various cellular responses such as cell adhesion,
repulsion, and migration (30, 31). The Eph-ephrin signal-
ing system is essential for angiogenesis, embryonic, and
neural development (31). Ephrin-B2 and EPHB4 are
highly expressed in the cardiovascular system, and they
represent the respective markers for arterial and venous
identity. Ephrin-B2 is predominantly expressed in arterial
endothelial cells, whereas EPHB4 is mostly expressed in
the venous endothelium (32, 33). Recent studies revealed
a proangiogenic function of ephrin-B2 by regulating in-
ternalization and signaling activities of vascular endothe-
lial growth factor receptors VEGFR2 and VEGFR3 in en-
dothelial cells (34, 35). The spatiotemporal expression
patterns of EPHB4 and ephrin-B2 observed in human cy-
totrophoblasts suggest their important roles in human pla-
centation (36, 37). It has been shown that the Eph-ephrin
interactions pattern cytotrophoblast invasion during hu-
man placentation by generating repulsive signals to direct

FIG. 3. The sequence of hsa-miR-17, -20a, and -20b and overexpression and down-
regulation of miR-20b in HUVEC and BeWo cells. A, Sequence alignment of hsa-miR-17, -20a,
and -20b shows that the three miRNA share the same seed sequence. B, Overexpression and
down-regulation of miR-20b was achieved by transfection of miR-20b precursor or antagomir
in HUVEC and BeWo cells (n � 3). C and D, The relative expression of the predicted target
genes of miR-20b in the HUVEC (C) or BeWo cells (D) transfected with pre-miR negative
control, pre-miR-20b or miR-20b antagomir. Data were summed as mean � SD from four
independent experiments. *, P � 0.05 vs. control.
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cytotrophoblast invasion toward the uterine wall and al-
lowing invasive cytotrophoblast migration only toward
ephrin-B2 expressing arterioles, but not EPHB4-express-
ing veins (18). Our findings that EPHB4 and ephrin-B2 are
the direct targets of miR-20b suggest that miR-20b, and
possibly miR-17 and miR-20a as well, may have impor-
tant roles in placental development, especially vascular
remodeling and cytotrophoblast invasion via regulating
EPHB4 and ephrin-B2 expression. Moreover, we have
found that ephrin-B2 is significantly down-regulated in PE
placentas compared with healthy term placentas. To-

gether with the finding that miR-20b is up-regulated in PE
placentas, these data further suggest that up-regulation of
miR-20b impairs vascular remodeling during placentation
in PE placenta by down-regulating ephrin-B2 expression.
It is also possible that altering the expression levels of these
miRNA may provide a potential route for correcting im-
paired vascular remodeling and inadequate trophoblast
invasion in complicated pregnancies.

Apart from targeting EPHB4 and ephrin-B2 expres-
sion, the angiogenesis-associated miRNA (i.e. miR-17,
-20a, and -20b) also target several other genes important
for placental angiogenesis, including HIF1A, MMP2,
VEGFA, TIMP2, and IL-8. HIF1A is a transcription factor
highly sensitive to oxygen tension critical for placental
development and function through regulating the expres-
sion of many hypoxia-responsive genes, including VEGFA
(38). MMP2 and TIMP2 are critical for regulating extra-
cellular matrix degradation that is the initial angiogenic
response (39). Accordingly, these miRNA may regulate
multiple steps of the angiogenesis process, including in-
creased expression of angiogenic factors, matrix break-
down, endothelial cell proliferation, migration, and tube
formation (40).

It is noteworthy that miR-20b is likely differentially
expressed in the trophoblast cells and capillary endothelial
cells in human term placenta, indicating that the angio-
genesis-associated miRNA may have different functions in
trophoblast and endothelial cells. This idea is supported
by our in vitro“gain and loss of function” studies using
HUVEC and BeWo cell models transfected with miR-20b
or its antagomirs. Inhibition of miR-20b significantly in-
creased HIF1A in HUVEC but does not affect HIF1A ex-
pression in BeWo cells, indicating that an angiogenic
miRNA pathway may preferentially regulate hypoxia-re-
sponsive gene expression in endothelial cells. Interest-
ingly, suppression of miR-20b with its antagomirs unex-
pectedly decreased VEGF mRNA expression in both
HUVEC and BeWo cells. This is opposite to the inhibitory
effect of miR-20b on VEGF expression observed in tumor
cells (41), indicating cell-specific effects of miR-20b.
Moreover, miR-20b regulates IL-8 expression in HUVEC
but not in BeWo cells. IL-8 is one of the most potent che-
motactic and activating factors for neutrophils, potenti-
ating host defense mechanism against inflammation (42).
This finding suggests that these “so-called” angiogenesis-
associated miRNA may also regulate cell-cell interactions
among endothelial cells, immune cells, and trophoblasts in
the placenta.

In summary, differential microarray profiling and real-
time qPCR analyses of miRNA expression in human pla-
centas have identified up-regulation of human placental
angiogenesis-associated miRNA (miR-17, miR-20a, and

FIG. 5. Ephrin B2 and EPHB4 mRNA expressions in preeclamptic and
normal (NL) term human placentas (n � 10 per group) as determined
by real-time qPCR.

FIG. 4. miR-20b targets 3�-UTR of ephrin B2 and EPHB4. A, The
complementary between miR-20b and its predicted binding sites in the
Ephrin-B2 and EPHB4 3�-UTR. The bold nucleotides in the miR-20b
sequence indicate the seed sequence. B, The Ephrin-B2 3�-UTR or
EPHB4 3�-UTR fragment containing the predicted miR-20b binding site
was inserted downstream of the luciferase reporter gene in the pMIR-
Report plasmid. The pMIR-Report plasmid with or without 3�-UTR (Luc)
was transfected into HEK293 cells with pre-miR-negative control or
pre-miR-20b. Luciferase reporter gene expression was measured.
*, P � 0.05 vs. control. CTL, Control.
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miR-20b) in PE compared with normal pregnancies. Tar-
get identification of miR-20b has revealed that they may
play important roles in regulating placental angiogenesis,
trophoblast differentiation, host defense mechanism, and
cell-cell communications via regulating cell-specific ex-
pression of target genes.
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