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Abstract

Preeclampsia is a serious complication in pregnancy. Dysregulation of trophoblast cell proliferation
and invasion is a major pathological alteration observed in preeclampsia. Recently, microRNAs
were shown to participate in the pathogenesis of preeclampsia. In this study we explored the effect
of miR-20a on the proliferation and invasion of trophoblast cells and the underlying mechanism.

We verified the distribution of miR-20a in human placenta by in situ hybridization. Real time PCR
data showed that the level of miR-20a increased by 2.6 folds in human preeclampsia than normal
tissues. We then cultured trophoblast-like |EG-3 cells and evaluated the effect of miR-20a on |EG-3
cell proliferation, migration and invasion. Overexpression of miR-20a significantly inhibited the
proliferation, migration and invasion of cultured |EG-3 cells, which were abolished by
co-transfection of AMO-20a. Transfection of miR-20a also inhibited |EG-3 cell xenograft tumor
growth in nude mice. Luciferase assay technique was used to identify the direct regulation of
miR-20a on Forkhead Box Protein AI(FOXAI). Transfection of miR-20a markedly reduced the
luciferase activity of the chimeric plasmid containing the 3’'UTR of FOXA, indicating FOXAI is the
target of miR-20a. Furthermore, transfection of miR-20a inhibited both protein and mRNA ex-
pression of FOXAI in |[EG-3 cells. In summary, the upregulated miR-20a in human preeclampsia
tissue can inhibit the proliferative and invasive activities of trophoblast cells by repressing the
expression of FOXAI.

Key words: FOXA1; invasion; miR-20a; migration; proliferation.

Introduction

Preeclampsia is one of the leading causes for = nant woman (1, 2). Defective embryo implantation
maternal and neonatal mortality and morbidity, plays a critical role in the development of preeclamp-
which is characterized by high blood pressure and  sia. Trophoblast cells of the human placenta prolifer-
significant amounts of protein in the urine of a preg-  ate, differentiate and invade the endometrium leading
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to successful implantation of the embryo. Trophoblast
invasion into the decidual stroma and spiral arteries is
one of the crucial steps in human placental develop-
ment, which provide an anchor to the developing
embryo and regulate the temporal changes that occur
in the fetal-maternal circulation during early preg-
nancy. Aberrant trophoblast invasive behaviors such
as failure of the trophoblasts to appropriately invade
the uterus, shallow trophoblast invasion, fewer inva-
sive trophoblasts and failure to convert the spiral ar-
teries are often observed in the placental pathology of
preeclampsia (3-5). Immune-system alterations have
been shown to be associated with the origin of
preeclampsia (6, 7). Moreover, proinflammatory cy-
tokines, neutrophil activation and endothelial dys-
function are major contributors of the pathogenesis of
this syndrome (6, 7). Despite of these advancements,
the molecular mechanism in the process of tropho-
blast cell proliferation and invasion remains elusive.

MicroRNAs are a group of single strand, no-
conding RNAs which functions in transcriptional and
post-transcriptional regulation of gene expression (8).
A host of studies demonstrated that microRNAs play
critical roles in the process of development and the
pathogenesis of various human diseases via regulat-
ing the protein expression of target genes (9, 10).
Modulating on the aberrant expressed miRNAs has
been proved to be a promising strategy in the treat-
ment of human diseases (11-13). Recent studies con-
firmed the involvement of microRNAs in the patho-
genesis of preeclampsia. Zhang et al. showed that
miR-155 was up-regulated in preeclampsia tissue and
overexpression of miR-155 contributes to preeclamp-
sia development by down-regulating angiogenic reg-
ulating factor CYR61 (14). Zhang et al. found that ec-
topic expression of mir-210, an up-regulated mi-
croRNA in patients with pre-eclampsia, inhibited the
migration and invasion capability of trophoblast cells
by targeting Ephrin-A3 and Homeobox-A9(15). They
further confirmed that the overexpression of mir-210
under hypoxia was regulated by NF-«B transcription
factor. Bai et al found that miR-195 was downregu-
lated in preeclamptic placenta tissues and overex-
pression of miR-195 promote the invasion of human
placental trophoblast cells via repressing ActRIIA(16).
In a previous study, we identified the dysregulated
microRNAs in preeclamptic placenta tissues by quan-
titative PCR based array. Among them, miR-20a was
greatly upregulated(17). However, the detailed role of
miR-20a in the pathogenesis of preeclampsia remains
unclear. In this study, we will employ JEG-3 cells to
explore the effects of miR-20a on the proliferation and
invasion of trophoblast cells and the underlying
mechanism.

Materials and Methods

Cell Culture and Transfection

Human JEG-3 cell line was cultured in
RPMI-1640 (Hyclone, USA) supplemented with 10%
fetal bovine serum. When the cells grew to 60% con-
fluent, they were transfected with hsa-miR-20a mim-
ics (miR-20a), hsa-miR-20a inhibitor (AMO20a) or
negative control (Scramble) (RIBOBIO, Guangzhou)
using X-tremeGENE siRNA Transfection Reagent
(Roche, Germany). Forty eight hours after transfec-
tion, the total protein was extracted for Western Blot
and the total RNA was isolated for qRT-PCR.

Proliferation Assay

Cell counting was used to measure JEG-3 cell
proliferation. 2x10% cells were seeded in 24-well cul-
ture plate 24 hours before transfection. miR-20a,
miR20a+AMO, and scramble sequences were trans-
fected into JEG-3 cells by using lipofectamine 2000
(Invitrogen, USA). After 48h’s transfection, the cells
were trypsinized and counted with hemocytometer.
The experiments were repeated for 4 times.

Cell Migration and Invasion Assay

The ability of cell migration was measured by
wound healing assay. JEG-3 cells were seeded in
6-well culture plates. When the cells grew to 70%
confluent, they were transfected with miR-20a,
miR20a+AMO, or scramble sequence by lipofec-
tamine 2000. A sterile pipette tip of 10pl was used to
draw straight lines on the confluent monolayers.
Photographs of the wounds were taken at 0, 24, 48,
and72 hours after transfection. The width of the
wound was measured to test the migration ability.

Alternatively, transwell system (Corning, USA)
was prepared for migration and invasion assay. After
being transfected for 36h, the cells were trypsinized,
centrifuged, and then resuspended by 1640 with 0.1%
FBS (8x105 cells/ml). 3x10° cells were seeded into the
upper chambers and allowed to migrate through an
8-um pore size membrane or invade through a Mat-
rigel-coated membrane. The chambers were then
placed into 24-well culture plates contained 1640
supplemented with 20% FBS. After 24 hours (migra-
tion assays) or 48 hours (invasion assays), the medium
was discarded, and the chambers with cells were fixed
with 4% PFA for 30 min and stained by crystal violet
for 20 min. The cells on the upper surface of the
membrane were removed using cotton swab gently
and cells that had migrated or invaded to the lower
surface of the membrane were counted at three ran-
dom fields.
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Total RNA extraction and real-time RT-PCR

Total RNA was extracted from JEG-3 cells after
treatment by using Trizol reagent (Invitrogen, USA).
Total RNA(0.51g) was then reverse transcribed using
TransScript Reverse Transcriptase (TransGene Bio-
tech, Beijing) to obtain cDNA. The level of miR-20a
was determined using TransStart Top Green qPCR
SuperMix method on ABI 7500 fast Real-time PCR
Systerm, with U6 as an internal control.

Western blot analysis

The total protein was extracted from cultured
JEG-3 cells 48h after treatment. The protein sample
(75ng) was fractionated by SDS-PAGE (10% poly-
acrylamide gels) and transferred to nitrocellulose
membrane. Then the membrane with samples were
blocked with 5% nonfat milk for 1.5h at room tem-
perature. After that, the membranes were incubated
overnight at 4°C with primary antibodies FOXA1
(1:1000 dilution, Abcam, USA) and B-actin (1:1000
dilution, Kangcheng Inc, China) on shaking bed. Next
day, the membranes were washed with PBS-T for 3
times and incubated with secondary antibodies for 1Th
at room temperature. Finally, the membranes were
rinsed with PBS-T before scanned by Imaging System
(LI-COR Biosciences, Lincoln, NE, USA) and quanti-
fied with odyssey v1.2 software by measuring inten-
sity (areaxOD) in each group with p-actin as internal
control.

Luciferase assay

Firstly, we employed RT-PCR technique to am-
plify the 3’'UTRs of FOXA1 containing the binding
sites for miR-20a. The sequence of the 3’'UTR fragment
is TTATAGGGAGCTGGATTTCAAAACGTGGTCC
AAGATTCAAAAATCCTATTGATAGTGGCCATTT
TAATCATTGCCATCGTGTGCTTGTTTCATCCAGT
GTTATGCACTTTCCACAGTTGGACATGGTGTITA
GTATAGCCAGACGGGTTTCATTATTATTTCTCTT
TGCTTTCTCAATGTTAATTTATTGCATGGTTTATT
CTTTTTCTTTACAGCTGAAATTGCTTTAAATGAT
GGTTAAAATTACAAATTAAAT.

After sequencing to ensure the correct amplifi-
cation of the 3’'UTR fragment, we inserted the se-
quences into the multiple cloning site of the
pMIR-REPORT TM luciferase plasmid (Ambion, Inc.)
to construct the miR-20a target-sites containing re-
porting vector. The constructed luciferase reporting
vector and miR-20a were transfected to cultured
HEK-293 cells and JEG-3 cells, and the TK-driven Re-
nilla luciferase expression vector was used as an in-
ternal control. Forty-eight hour after transfection, we
measured the luciferase activities by using a dual lu-
ciferase reporter assay kit (Promega) on a luminome-
ter (GloMax™ 20/20). The influence of miR-20a on

the FOXA1l mRNA translation was calculated by
normalizing the luciferase activity to control group.

In situ hybridization

The expression of miR-20a in human placenta
tissues was examined by in situ hybridization with
miRCURY locked nucleic acid (LNA) detection probes
(Exigon, Vedbeak, Denmark) as described in our pre-
vious work (18). Briefly, human placenta samples
were fixed with 4% paraformaldehyde at
4°Covernight. The samples were sectioned and hy-
bridized with 3’-digoxigenin (DIG)-labeled LNA
probes for miR-20a at 55°C overnight. The sections
were then treated with sheep anti-DIG-alkaline
phosphatase-Fab fragments (1:2000 dilution; Roche,
Basel, Switzerland) at 4°C overnight. Lastly, the sec-
tions were visualized with nitroblue tetrazolium
chloride/5-bromo-4-chloro-3’-indolylphosphatase
p-toluidine salt (NBT/BCIP; Roche) at room temper-
ature for 2 h. 3’-DIG-labeled LNA scramble-miR con-
trol probe (Exiqon) was applied to negative control
samples. Images of the sections were obtained using a
Spot RT SE6 CCD camera (Diagnostic Instruments,
Sterling Heights, MI) equipped on a BX60 microscope
(Olympus).

Immunofluorescent staining

Human placenta samples were cut into small
pieces and put into 4% paraformaldehyde at
4°Covernight for fixation. After that, the samples were
treated with 30% sucrose for 24 hours to dehydrate.
The samples were then embedded in OCT and sliced
into 12 pm sections by using cryostat (LEICA CM
1850). The sections were blocked with 10% BSA for 1
hour at room temperature, and then treated with the
primary antibody anti-FOXA1 antibody (1:200;
Abcam) and incubated overnight at 4°C. After wash-
ing with PBS for three times, the samples were incu-
bated with the secondary antibody conjugated to
Alexa Fluor 594 (Invitrogen) for 1 h at room temper-
ature. The fluorescent images of the samples were
obtained using a laser scanning confocal microscope
(FV-300, Olympus, Japan).

Construction of the plasmid expressing short
hairpin RNA for human FOXAI

The short hairpin RNA(shRNA) for human
FOXA1l (NM_004496) was constructed by using
plasmid GV115 Expression Vector (Shanghai
GeneChem Co. Ltd., China), which contained a hu-
man U6 promoter, a GFP reporter gene and an ampi-
cillin resistance gene to enable antibiotic selection in
mammalian cell. The target sequence is 5'-
GTACTACCAAGGTGTGTAT -3'. A control-shRNA
vector (pGCsi.U6/amp/GFP RNAi-NC Plasmid) was
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Figure |. Expression of miR-20a in human placental tissues. A. Verification of miR-20a expression in human
placenta tissue by In situ hybridization. B. miR-20a levels in human normal(CTL) and preeclampsia(PE) placental
tissues. Data are expressed as mean+SEM. N=6. * P < 0.05 versus CTL. Scale bar=25um. C, D. FOXA| mRNA
and protein levels in human normal(CTL) and preeclampsia(PE) placental tissues. Data are expressed as
mean+SEM. N=4. * P < 0.05 versus CTL. E. Foxal expression in human normal(CTL) and preeclampsia(PE)

placental tissues by immunofluorescent staining. Scale bar=25um.

Vital River Laboratories (China), and
maintained in pathogen-free condi-
tions. JEG-3 cells overexpressing
miR-20a were injected subcutane-
ously into both flanks of nude mice
(5%100 cells in 100 pl). JEG-3 cells
expressing scramble sequences were
used as the negative control. Ani-
mals were killed, and xenograft ex-
cised and weighed after 1 month
from the injection. All tumorigenici-
ty assays were carried out according
to the guidelines of the Ethical
Committee of Harbin Medical Uni-
versity.

Statistical analysis

All data were expressed as
mean + SEM. Statistical analysis was
performed using Kruskal Wallis H
test. Differences were considered as
statistically significant when P <
0.05.

Results

miR-20a and Foxal in human
preeclamptic placental tissues

To verify the distribution of
miR-20a in human placental tissues,
we performed in situ hybridization
to detect miR-20a. We found that

constructed by insertion of a sequence that expresses a
shRNA with no significant homology to FOXA1
mRNA gene.

Tumorigenesis in Nude Mice

Male BALB/cA-nu nude mice (5-week old) were
purchased from Vital River Laboratories (China), and
maintained in pathogen-free conditions. H460 cells
overexpressing miR-153 were injected subcutaneously
into both flanks of nude mice (5x10° cells in 100 pl).
H460 cells expressing scramble sequences were used
as the negative control. Animals were killed, and

miR-20a was abundantly expressed
in normal human placental tissues
(Fig 1A). We then tested the expression of miR-20a in
human preeclampsia tissues by qRT-PCR. Consistent
with our previous findings (17), the level of miR-20a
significantly increased by 2.6 folds in human
preeclampsia than normal tissues (’<0.05). In contrast
to the upregulation of miR-20a, we found both mRNA
and protein expression of FOXA1 were decreased in
human preeclampsia than normal tissues (P<0.05)
(Fig 1C, D). We also performed immunofluorescent
staining of FOXA1 in human tissues to further con-
firm its dysregulation during preeclampsia. As shown
in Figure 1E, the fluorescent intensity of FOXA1 was
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shown to be lower in human preeclampsia than nor-
mal tissues.

Effects of miR-20a on proliferation of JEG-3
cells and xenograft tumor growth of nude mice

JEG-3 trophoblast-like cells have been widely
employed to investigate the invasion and prolifera-
tion of trophoblastic cells (19). In this study, we cul-
tured JEG-3 cells and test the effect of miR-20a on its
proliferation. We found that overexpression of
miR-20a inhibited the proliferation of JEG-3 cells
(Figure 2A, B) as counted by cell number. The an-
ti-proliferative effects of miR-20a were abrogated by
co-transfection of AMO-20a(Figure 2A, B). Transfec-
tion of the scramble sequence produced no effects on
JEG-3 cell proliferation (Figure 2A, B). We then per-
formed an in vivo study in nude mice to investigate
the influence of miR-20a on JEG-3 cell growth. Con-
sistent with in vitro finding, we found transfection of
miR-20a inhibited the growth of xenograft JEG-3 cell
tumor in nude mice (Figure 2C).

A--B

Control miR-20a

miR-20a+AMO-20a Scramble

o

Effect of miR-20a on migration and invasion of
cultured JEG-3 cells

We then evaluated the effects of miR-20a on
JEG-3 cell migration by wound healing assay. We
found that the introduction of miR-20a into JEG-3
cells resulted in a significant reduction of cell migra-
tion during the closing of an artificial wound created
over a confluent monolayer (Figure 3A, B). Cotrans-
fection of AMO-20a abolished the inhibitory effects of
miR-20a on wound healing (Figure 3A, B). We also
performed transwell assay to further investigate the
effect of miR-20a on JEG-3 cell migration. Consistent
with wound healing assay, the cells passing the first
layer well reduced dramatically after transfection
with miR-20a, which were inhibited by co-transfection
of AMO-20a. These data showed that miR-20a can
inhibit JEG-3 cell migration(Figure 4A,B). miR-20a
treatment also decreased the invasion of JEG-3 cells
into a Matrigel-coated membrane (Figure 4C, D).

Cell Number(x10%/ml)

Figure 2. Effect of miR-20a overexpression on the growth of JEG-3 cells. A. Representative pictures of cultured |[EG-3 cells after miR-20a treatment. B. Statistical analysis of
1EG-3 cell proliferation after miR-20a treatment. Data are expressed as mean+SEM. N=4. * P < 0.05 versus Control. # P < 0.05 versus miR-20a. Scale bar=50um. C. Effect of
miR-20a on the growth of xenograft tumors of JEG-3 cells in nude mice. Data are expressed as mean+SEM. N=5. * P < 0.05 versus Control.
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Figure 3. Effect of miR-20a on migration of cultured |[EG-3 cells by wound healing assay. A. Representative pictures. B. Statistical analysis of wound width. Data are expressed
as mean+SEM. N=5. * P < 0.05, ** P<0.0| Control versus miR-20a. # P < 0.05, ## P<0.0] miR-20a versus miR-20a+AMO-20a. Scale bar=100um
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Figure 4. Effect of miR-20a on migration and invasion of cultured |EG-3 cells by transwell assay. A. Representative pictures of cells migrating through an 8-Hm pore size
membrane. B. Statistical analysis of cells migrated. C. Representative pictures of cells invading through a Matrigel-coated membrane. D. Statistical analysis of cells invaded. Data
are expressed as mean+SEM. N=3. * P < 0.05, versus Control. # P < 0.05 versus miR-20a. Scale bar=50um
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duced no effects (Figure 5B, C). These
data indicated that miR-20a inhibited
the translation of FOXAT.

To further confirm the regulatory
effect of miR-20a on FOXA1 expression,
we measured the protein level of
FOXA1 in JEG-3 cells after miR-20a
overexpression. A significant decrease
in FOXA1 protein level was detected in
miR-20a-treated compared with un-
treated and scramble-treated cells,
which was abolished by co-transfection
of AMO-20a (Figure 5D). The same

qualitative alteration of FOXA1 mRNA

level after miR-20a treatment was de-

tected in Figure 5E.

A
FOXA13'UTR 5'...UUCAUCCAGUGUUAUGCACUUUC. ..
RERRER
hsa-miR-20a 3' GAUGGACGUGAUAUUCGUGAAAU
CMV Promoter Luciferase Foxa13'UTR
S
B 2 C 2
= =
815 G 15
(1] Q
@ 1.0 8 1.0
2 2
Sos S05
@ Q
2 2
% 0.0 = 0.0
(3 o
o x

FOXA1

Knockdown of FOXAI by RNA
interfering inhibited the migration
and invasion of JEG-3 cells

To explore the role of FOXA1 in the
migration and invasion of JEG-3 cells,
we employed RNA interfering tech-
nique to inhibit the expression of
FOXA1l. As shown in Figure 6A, B,
transfection of short hairpin FOXA1
interfering plasmids successfully de-
creased the mRNA and protein expres-

sion of FOXA1, while the scrambled

control sequence produced no effects.

The migration and invasion of JEG-3

LU o — —

o
3 :
£ E
2 4
2 E
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] 2
« k=

(]

x

Figure 5. Effect of miR-20a on the expression of FOXAI. A. Sequence alignment between miR-20a and the
3’'UTRs of human FOXAI and the chimeric plasmid construct containing the 3’'UTRs of human FOXAI. B,
C. Verification of interactions between miR-20a and the 3’-UTR of FOXAI in HEK293 and |[EG-3 cells by
luciferase assay. D. Effect of miR-20a on the protein expression of FOXAI. E. Effect of miR-20a on the
mRNA expression of FOXAI. Data are expressed as mean+SEM. N=4. *P< 0.05 vs control, # P<0.05 vs

miR-20a.

cells were significantly inhibited by
knocking down of FOXA1(Figure 6 C,
D), indicating that FOXA1 is a key reg-
ulator in the migration and invasion of
JEG-3 cells.

Discussion

In this study, we found that the
dysregulated miR-20a in  human
preeclampsia placenta tissue produced

FOXAI is the target of miR-20a

Bio-informatic analysis indicated that FOXAL1 is
a candidate target of miR-20a. The sequence compli-
mentarity was shown in Figure 5A. We then con-
structed a reporter plasmid harboring the wild-type
3'-UTR region of FOXA1 downstream of the luciferase
coding region (Figure 5A). Luciferase assay showed
that overexpression of miR-20a suppressed lucifer-
ase activity, while co-transfection of AMO-20a allevi-
ated the reduction luciferase activity caused by
miR-20a in both HEK293 (Figure 5B) and JEG-3 cells
(Figure 5C). Transfection of scramble sequence pro-

inhibitory effects on the proliferation,
migration and invasion of tropho-
blast-like JEG-3 cells. The direct target that mediates
the effect of miR-20a is FOXAL.

The pathogenesis role of microRNAs in various
human diseases has been extensively explored, which
highlights the great potential of microRNAs as novel
therapeutic targets and diagnostic or prognostic
markers(10, 11, 20, 21). microRNAs are also critical
factors that affect the development of preeclampsia. A
host of microRNAs have been shown to be dyregu-
lated in the placenta with preeclampsia. Pineles et al.
found that microRNAs (miR-210, miR-182 etc.) are
differentially expressed in the normal human placen-
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tas and those with preeclampsia(22). The dysregula-
tion of microRNAs in the human placentas of
preeclampsis was further demonstrated by several
other studies(23-26). Zhu et al. found that thirty-four
microRNAs were expressed differentially in
preeclamptic placentas in comparision with normal
placentas, with 11 microRNAs up-regulated, and 23
down-regulated in preeclamptic pregnancies. Hu et
al. found that in the placentae of Chinese patients
with severe preeclampsia miR-16, miR-29b, miR-195,
miR-26b, miR-181a, miR-335 and miR-222 were sig-
nificantly increased(25). In a previous study of our
group, we also screened the aberrantly expressed mi-
croRNAs in the placenta of preeclampsia. Among all
the dysregulated microRNAs, miR-20a is greatly in-
creased. Consistently, in this study we confirmed the
upregulation of miR-20a in the placentae of Chinese
patients with preeclampsia wusing quantitative
RT-PCR technique. Similarly, Wang et al. also showed
the increased expression of miR-20a in preeclampsia
placentas(27).

Further studies showed that the dysregulated
miRNAs are deeply involved in the pathogenesis of

Foxal mRNA
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preeclampsia, especially in the dysregulation of
trophoblast cell proliferation, migration and inva-
sion(14, 15, 28). Overexpression of miR-155 contrib-
uted to preeclampsia development by down-
regulating angiogenic regulating factor CYR61(14),
which also decreased human-trophoblast-derived cell
line (HTR-8/SVneo) proliferation and invasion and
increased cell number at the G1 stage via targeting on
cyclin D1(15, 28). Ectopic expression of up-regulated
miRNA in preeclampsia, mir-210 inhibited the migra-
tion and invasion capability of trophoblast cells by
suppressing the expression of Ephrin-A3 and Home-
obox-A9, which related with cell migration and vas-
cular remodeling(15). In cultured trophoblast JEG-3
cell line, we confirmed that the up-regulated miR-20a
was able to inhibit the proliferation, migration and
invasion of trophoblast cells, implying the pathologi-
cal role of miR-20a in the development of preeclamp-
sia. To our knowledge this is the first study investi-
gating the influence of miR-20a on trophoblast cell
activities.

™
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Figure 6. Knockdown of FOXAI by RNA interfering inhibited the migration and invasion of [EG-3 cells. A. FOXA| mRNA level after RNA interference. B. FOXAI protein level
after RNA interference. C. Migration of JEG-3 cells after RNA interference. D. Invasion of JEG-3 cells after RNA interference. Data are expressed as mean+SEM. N=3. *P< 0.05

vs control.
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As microRNAs take effects by fine-tuning the
expression of target proteins, we bioinformatically
analyzed the potential targets of miR-20a to explore
the mechanism underlying its effects on trophoblast
cell proliferation, migration and invasion. We found
FOXAL1 is a good candidate and verified the regula-
tory role of miR-20a with biological techniques.
FOXAL1 is the founding member of the FOX family of
transcription factors, which has been demonstrated to
be a critical factor in various organ developments.
Compound conditional ablation of both Foxal and
Foxa2 in the pancreatic primordium results in com-
plete loss of Pdx1 expression and severe pancreatic
hypoplasia(29). The Foxal-deficient mouse prostate
shows a severely altered ductal pattern that resembles
primitive epithelial cords surrounded by thick stro-
mal layers, with no differentiated or mature luminal
epithelial cells in epithelium. (30). Li et al. found that
knockout of Foxal terminates bile duct expansion in
the adult liver through inhibition of IL-6 expres-
sion(31). FOXAL is also an important factor in several
human cancers. Although both oncogenic and tumor
suppressive roles have been proposed, it was demon-
strated to be oncogenic in all the cancer tissues with
FOXA1 overexpression(32). FOXA1l silencing by
siRNAs reduced invasion and migration of esopha-
geal squamous cell carcinomas cells(33). These studies
imply that FOXA1 plays a key role in cell proliferation
and migration, either during normal organ develop-
ment or cancer development. Our RNA interfering
study confirmed the involvement of FOXA1 in the
migration and invasion of JEG-3 trophoblast cells.
Therefore, we propose that the effect of miR-20a on
trophoblast cell is due to its suppression on FOXA1
expression. Although various organ developmental
abnormalities have been observed FOXA1 deficient
mice, it is unclear whether FOXA1 ablation has any
influence on placenta development. It will be inter-
esting to investigate the developmental condition of
the placenta by employing FOXA1 null mice in future
studies.

In summary, we demonstrated that miR-20a may
be a critical regulator in the pathogenesis of
preeclampsia by altering the properties of trophoblast
cells, which represents a potential therapeutic target
in the development of novel drugs for pre-eclampsia.
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